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THE DISTRIBUTION OF THE STARS 


By Professor HARLOW SHAPLEY 


DIRECTOR OF HARVARD COLLEGE OBSERVATORY 


Tue distribution of stars is recognized as fundamental in the 
study of galactic structure. In particular, the problems that are 
founded on stellar distribution include the relative frequency of 
various evolutionary stages of stars, the general space density, the 
superficial density, and the relation of all these properties to dis 
tance from the sun and position in the sky. The discoidal form of 
our stellar system has long been accepted. The changing ideas con- 
cerning the dimensions of the system and the interrelation of its 
various components have not affected the belief that in the direc- 
tion of the Milky Way the sidereal organization is much more ex- 
tended than in directions highly inclined to the galactic plane. The 
discoidal form complicates the analysis of stellar distribution. Still 
more complicating is the eccentric position of the sun, and the ob 
viously non-homogeneous character of the neighboring parts of the 
stellar system. 

The point that stands out most clearly, after a considerable in- 
vestigation of stellar distribution, is the restricted value that must 
be attached to any analysis that does not recognize the heterogeneity 
of the neighborhood. Some general studies have recently been made 
in which galactic latitudes were not differentiated, thus ignoring 
the diseoidal form of the stellar system. Many recent studies have 
failed to differentiate with respect to galactic longitude, thus largely 
ignoring the sun’s eccentric position and the conspicuous clusters 
and star clouds, some of which are near at hand. I believe that we 
are on the edge of the great Cygnus star cloud, and that the prefer 
ential drift of rapidly moving stars away from the Cygnus region 
may be an indication and measure of the velocity of that stellar 
organization with respect to the galactic system and our local 
cloud. The studies of stellar distribution should recognize clearly 
that integrated and undifferentiated results refer to a mixture, in 

Vol. XVITI.—29 
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unknown proportions, of the stars of various streams 
independent clusters, chief of which is the local system , 


the brighter B stars. 
Equally important, in the analysis of stellar distribut 
neighborhood, are the large obscuring nebulosities in Taurys « 


uchus, Sagittarius and elsewhere, most of which appear 
a few hundred parsees distant. The great rift in the Mi} 
from Aquila southward through Sagittarius has long be . 
nized as an obscuring cloud; it is near enough to affect ser} 
distribution of stars brighter than the tenth magnitude. 

Although the lack of homogeneity in the galactie sj 
seriously disturb attempts to make close analyses of stru: 
concentration on the basis of general star counts, nevert 
study of the numbers of stars of various spectral types a: 
ferent galactic regions leads to deductions of interest j 
tural problem. The investigation of the spectra of stars duri: 
last thirty years at Harvard has yielded finally the Henry 
Catalogue, which contains in nine volumes the positions 
tudes and spectral classes of a little more than 225,000 stars 
fied by Miss Annie J. Cannon. The survey covers th« 
and extends in places to the tenth magnitude and fainter 
rectly the catalogue is a source for information concerning 
distances, and therefore can be used to some extent as sh 
for the examination of the distribution of stars in spa 
chiefly serves to indicate the distribution on the surface of 1 
A few of the more general results are described in 
account. 


The stars have been grouped into eleven general classes. | 
99 per cent. of them fall into the familiar classes B, A, F’, G, K 
M, which is a series in the order of decreasing surface bi 
and also in the order of progressive change in average colo! 
reddish toward blue. It is of interest that about 20,000 
stars have spectra so nearly identical with that of the sun tha 
difference could be seen on the small spectrographie dispers! 
for faint objects. The most common classes are A and K, espe 
in the Milky Way, but it must be remembered that this condit 
refers to the apparent distribution, since the selection of st 
the catalogue is on the basis of apparent brightness rat! 


+» 


» O90 


1The Henry Draper Catalogue is contained in volumes 91 t 
of the Harvard Annals. Various discussions of the material hav 
since 1921 in Harvard Circulars 226, 229, 230, 239, 240, 245, 245 and 
vard Bulletins 787, 792, 796. A detailed summary of the investigat 
distribution is published in the Proceedings of the American Academy 
and Sciences for 1924. 
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absolute brightness or distance. If we were dealing with a unit of 
volume rather than a unit of surface we should find, as is well 
tnown, a much different condition ; instead of the highly luminous 
viant stars of Classes A and K predominating, we should find that 
dwarf stars are extremely more numerous than giants. It is also 
probable that Divisions K and A are long periods in the evolution- 


ary sequence. 


Probably one of the most important results of the discussion of 
the Henry Draper Catalogue relates to this matter of relative num- 
bers in space. We now know the average real brightness of the 
stars of several spectral classes and also know that the dispersion 
about the average is small. For such classes the apparent bright 
ness decreases with the distance from the observer, and is, indeed, 
: valuable measurement of the distance. We find that the highly 
luminous Class B stars appear in the Henry Draper Catalogue, with 
apparent magnitudes brighter than 8.25, when at distances up to 
880 parsees (three thousand light years). But dwarf G stars, suc! 
as the sun, must be nearer than 70 parsees to appear brighter than 
magnitude 8.25. It happens that the number of B’s and dwarf G’s 
m the surface of the sky, in the direction of the Milky Way, are 
nearly the same, although the volume throughout which the former 
ean be seen is nearly two thousand times as great. We therefore 
conclude that stars in the phase of development of our sun are 
actually eighteen hundred times as numerous as the highly massive 
and luminous B stars, which we believe to be in an earlier stage of 
evolution. In a similar way we find that the youngest of all lumi- 
nous stars, the giant M’s, now appear but once in space for every 
300 solar stars. That there are four or five times as many giant M 
stars as B stars suggests that few have sufficient mass to attain the 
highest surface temperatures. 

The following tabulation gives the surface and space numbers 
for those classes where the mean absolute magnitudes ean be as- 
sumed with some certainty. The second column contains the num 
bers of stars in a hundred square degrees brighter than visual 
nagnitude 8.25 and therefore within the distance limits computed 
for the third column. The last column gives the number of stars in 
a million eubie parsees. Dwarf stars of Classes K and M are likely 
to be much more numerous than the dwarf G stars. 

Spectral Surface Distance 

Division Number Limit 

Giant M 17.5 430 

Giant K 69.0 350 
B 29.7 880 
A 96.9 340 


Dwarf F 18.7 140 
Dwarf ( 26.0 70 
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Only the region in low galactic latitudes has bee: 
above computation, since in that direction (taking 4] 
together) the change of space density with distance ; 
in a first approximation. The space explored for 
about 1.5 *« 10° eubie parsees, indicating that the | 
of considerable weight and better represents this part of 
system than the similar analyses based on stars within 1 
of the sun. 

The fact that most of the stars in this part of th 
tem are in the extreme dwarf stage, suggests that 
through known spectral types is chiefly a matter of 
much more probably it indicates that the changes 
slowly throughout the dwarf series than in the early g 


low internal density. The relation of speed of developn 


is also involved in the question. Possibly we have on! 
tion here that large masses are infrequent, and that 
small masses evolve rapidly in early life. But oby 
served fact is much more certain than any of these su 
terpretations. 

Some of the fainter stars in the catalogue are at 
excess of 3,000 parsees; such are the stars of Class B 
the eleventh visual magnitude and Cepheid variables 
the ninth and tenth magnitude. But as a striking ill 
the small portion of the galactic system to which our s; 
studies are limited, we may observe that probably mor: 
cent. of the stars of all classes and magnitudes in the H: 
Catalogue are within 1,000 parsees of the sun. Onl: 
millionth of the space known to be closely populated 
covered at all well by this extensive compilation of spect: 

It appears, however, that the edges of the stella 
approached in high galactic latitudes for giant stars o! 
A distinct concentration to the galactic circle is deduced { 
A, K, and M stars brighter than visual magnitude 8.25 
completeness of the catalogue). Stars of Classes F and G 
are very little concentrated, because they are chiefl) 
only those near at hand, in the region of relatively w 
density, appear in the catalogue. 

Figure 1 illustrates the galactic concentration for 1 
spectral classes. The ordinates for each diagram are t! 
of stars in a region of one hundred square degrees; 
are galactic latitudes. The diagram illustrates not onl; 
centration but also, when read vertically, they show 
frequency of the various spectra in different zones. 
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The most striking feature of Figure 1 is the contrast in galactic 
concentration between Classes A and F. The former includes sub 
types from B8 to A3, and the latter, subtypes from A5 to F2. A 
closer analysis of the data shows that the rapid change in concen- 
tration lies between AO and A5. This change indicates a very rapid 
decrease with advancing type in the average absolute brightness of 
the stars.* It suggests that the spectral differences among the early 
subtypes of Class A may be better regarded as criteria of absolute 


* Harvard Bulletin 796, 1923. 
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magnitude than of color and surface temperature. The B 
early A’s are probably concentrated to the galactic p! 
later classes. 

In Figure 1 all longitudes were taken together. Fio 
that in different longitudes the A stars brighter t]} 


+90 +€0 




















greatly in galactic concentration. The upper curve 
centration in the first quarter of galactic longitude, 
clouds in Cygnus appear to affect the distribution. 
quarter is affected in low latitudes by the obscuring nebul 
Taurus and vicinity. The third quarter covers the r 
center of the local system, and the fourth quarter records 
sively the influence of the rift in the Milky Way on the d 
of these giant stars of Class A. Since stars brighter t 
seventh magnitude also show the rift slightly, we comput 
nearer border may be not more than 200 parsees distant 


The stars of Class A brighter than magnitude 6.5 ars 


with remarkable uniformity in galactie longitude. T! 


stars, however, show the center of the local system in th 
tion Carina. They also indicate clearly that the central 
the local system is inclined between ten and fifteen deg 
galactic plane. But the B stars fainter than the eighth 1 
are almost exclusively members of the general galactic syst 
are highly concentrated to the galactic circle. 

When we examine the distribution of the more distant sta 
greater richness of the Sagittarius region is revealed. For ins 


rs 
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o variable stars of Class M are now recognized as giants at maxi 
mum brightness; hence, when the maximum apparent magnitude 
They are found to be four times as 


, ¢ 
i Ul 


=: faint, they are very remote. 
ymerous in the direction of Sagittarius, toward the center o 
Similar preference is shown 


Galaxy, as in the opposite direction. 
by planetary nebulae, O-type stars, Cepheid variables, the faint B 
stars and the novae. 

The high concentration of faint stars in low or lac tie latitude 9 


emphasizes the importance of the study of spectra the Milky 


Systematic extension of the Henry Drape r Catalogue is now 


being made to fainter stars. But this extension will not attempt to 
Special attention will be given to fields along 


eover the whole sky. 
for which the 


the Milky Way, particularly those in the northern sk 
magnitude limit in the catalogue is between eight and nine. In one 
such field in Aquila Miss Cannon has now recorded 1,567 spectra, 


of which less than 200 have previously been classified. 
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CAN THE MASSES RULE THE WORLp:; 


By Dr. G. STANLEY HALL 


CLARK UNIVERSITY 


No decade in history ever began to witness such 1 
changes as those which have occurred since 1914. Th: 
have been political, economic, cultural and even hygier 
been practically world wide. Is there any one dor 
among all these complex tendencies which have ushered 
denly into the new world—for such it is—upon which we 
day? I have long pondered this question, and, as a life! 
of the deeper currents that control mansoul, have found 
that seems to me most satisfying, viz., the fundament 
that has caused nearly all the troubles of recent years 
ing instinct of revolt against external constraints and . 
is more than kurophobia, or the Freudian resentment 
fatherly authority, and even more than social inhil 
are, at most, only its negative manifestations; it is, at r 


impulse toward spontaneity, self-expression and self-dete: 


or to live again from within outward. The human spirit is 1 
its old carapace, and is beginning to build nobler mansions 
Biologically, moulting is a hard process, involving as it d 
of rebirth, but the new consciousness of freedom it brings 
manifest. Here probably is to be found the best scale b: 
measure real progress. Let us, then, specify some salient 
this impulse of emancipation from outer control. 


I 

Germany, the most organized country in the world, h 
monarch more convinced than any in Europe that he 
vicegerent, feeling its legitimate development impaired 
out, sought to break down these barriers by force and ext 
sway. In the reaction many crowns fell, the democratic 1 
became worldwide, and kingcraft in the old hereditary, 
sense was found to be either dead or moribund. As I writ: 
countries of Europe, if we include the Sultan, still have royalt 
their head. Nearly all of them are intelligent and devoted to 1 
ing the most and best use of the functions that remain to the: 
among them all there is no individual of outstanding al 
power of leadership. In all their political activities they 
strained and directed by ministers far abler than they or by 
tors (of whom there are now nine in Europe), who hold all th 
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power and are above parliaments and independent of constitutions 


no king in Europe longer is, and most of whom have none of the 
snot o { 

prestige of heredity. 

There is a pathos about the decadence and passing of the old 
honses of the Hohenzollerns, Romanoffs and Hapsburgs, and in the 


present status and prospects of the six to seven hundred personages 


f roval descent described by F. L. Collins,’ some of whom are in 


of 
dire need, and others of whom have subordinate business positions 
Moreover, there have long been degenerative processes going on in 
these families, which are more prone to moral and mental defeet 
than the better families over whom they have reigned.*? In fact, 
there are many other conditions in the lives of monarchs that are 
essentially anti-eugenic, and, although the farewell which even 
romance, tradition and fashion give them will be a sad one, not only 
the Zeitgeist, but the great Bio-Logos, or spirit of lite as decreed 
the extinction that the regal function is now undergoing 
We are told that dictatorships mark an ebb in the high tide of 

democracy. There could be no greater mistake. These dictatorships 
are simply the crude weapon that the masses, whether civil or mili 
tary, have seized to batter down opposition to their progress. If 
popular support should fail, any dictator would lose power in a day 
True, in the past dictators have usurped the temporary power dele 
gated to them, have established themselves by force, and have be 
come tyrants. But this is now increasingly difficult, for publie 
opinion and sentiment are more and more dominant throughout the 
world, and even armies are more and more subject to it. Profes 
sional soldiery, always the strong arm of tyrants, has declined, and 
armies are composed of a citizenry only temporarily under arms 
for a specifie purpose and for a limited time, and hence are more 
under the control of home opinion and sentiment 

In modern times parliaments, congresses and legislative assem 
blies of various names, composed of representative delegates elected 
by the people, have taken the place of and greatly reduced autocratic 
power, and as a result we have in all progressive lands a vast and 
growing body of legislation, wise and otherwise, enforced or unen 
forced, and sometimes covertly or openly defied. This was a great 
step in the progress of democracy. These bodies have often aequired 
great power and autonomy, sometimes rivaling and seeking to domi 
nate the executive branch of government, and occasionally defying, 
or even electing or deposing, its members. But the power of such 
bodies is limited by the minorities within them, by frequent elec 

‘“*This King Business,’’ 1923, p. 220. 

2 F. A. Woods, ‘‘ Mental and Moral Heredity in Royalty,’’ New York, 


p. 212 
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tions, the ever-present regard for coming elections. an, 
cially in this country, by powerful lobbies imposing peti 
by the initiative, referendum and recall, till the old ind 
and autonomy of members is gone and they are practi 

to the condition of mere delegates dominated by other 
their own insight and conviction. They are instruct 
stricted, too, by platforms, and bound by party fealt) 
dread of defeat and consequent loss of the vast power of 
which has nearly quadrupled here within the decad: 
particularly, the old trust in the wisdom of those we send t 
has given place to distrust, and much of the business of th 
is anxious and unsettled when congress is in session, w! 
confused by the hundreds of new bills introduced ever 
only the national but state legislatures—a single mem} 
former often introducing scores of new measures and 
their consideration. 

Distrust of all authority is inherent in all democracies 
rarely recognize real leadership, and have, as Faguet 
always tended towards the cult of mediocrity, the best 1 
measures being often rejected for those that are second 
best; while the boss, whom they trust and exalt to power 
whom they deem represents their own mental and mor: 
vaunts himself as the servant of their will, and whom th« 
as the protagonist of their own emancipation from all ou 
straint. 

Thus all political power is to-day, at least, within reac! 
The masses can exercise it themselves, or can delegat: 
part of it, to whom they choose for a time. And they rea 
they can at any time resume and exercise it all by d 
indirect action. The only form of tyranny in this field tl 
possible for them is that of majorities. Not only are all 
open to all, but the vote of the poorest, most ignorant and 
citizen has the same weight as that of the wisest, best and wi 
This ideal of government of, for and by the people is as st 
and revolutionary as it is novel in the long history of 
Indeed, nations and races have been accustomed for so 
millennia to being governed by others that they have not yet 
ized what political freedom means, or their new responsi! 
under it, or the dangers it involves; and, least of all, how | 
mentally successful self-government of the state rests 
power and habit of self-control and self-regimentation of i 
citizens. 

Never were all these considerations more pressingly 0] 
when we realize that within the decade Germany, most of t! 
trian countries and Balkan states and China have become repub! 


y 
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that the overseas possessions of the British Empire have assumed 
ereater independence—Ireland has become free, and India is fuller 


than ever of the seething spirit of revolt—and that the king of this 


ereat nation, on which the sun never sets, has just had to give his 
government into the hands of a labor cabinet; while the kings of 
Italy, Spain, and even the Sultan, have been eclipsed and robbed 
ll real power by dictators, and that the next decade or two 


Ol Ll 


will probably show the world whether or not democracy can be 
made safe and salutary for the world. 
IT 

The church has lost its old authoritativeness. Two thousand 
years of the influence of the Prince of Peace did not prevent 
avowedly Christian nations from flying at each other’s throats in 
a war in which Protestants fought Protestants and Catholies fought 
Catholies, each side praying to a common God to aid them in 
slaughtering the other. Only those who can sense the deep and 
strong psychic currents and their trends in the soul of man can 
begin to realize how disastrous to ecclesiastical and credal loyalty 
within Christendom, and how fatal to whatever respect and influ 
ence it had upon unbelievers or those of other creeds and races all 
this has been. The damage to faith thus wrought is only thinly 
camouflaged by the excellent ameliorative services done by repre 
sentatives of Christian organizations in the armies. 

Again, fundamentalists and anti-evolutionists have not only 
alienated the intelligentsia from the church, but brought upon it 
new reproach, if not contempt. The preposterous discussions and 
schisms about the paternity of a personage born obscurely two 
millennia ago, the tactless heresy charges and trials, the idiotie in- 
terpretations to the effect that the end of the world is at hand, 
and that Jesus is about to come and sweep to destruction all but 
the few elect, as the vociferous yellow religionists proclaim—all 
this suggests not so much ignorant pilotage of the grand old ship 
of salvation, but the work of scuttlers of it working from within. 
No higher criticism or aggressive heresy ever began to discredit 
belief in piety as organized and administered by the church. De- 
spite all the cleverly arranged figures intimating gains, the best 
of all statisties of the vitality of a religion is actual attendance upon 
publie worship, especially in the Protestant lands, and these show, 
as we should expect, a very marked relative falling off ; while secular 
activities—the newspapers, movies, games and, in summer, above 
all, auto trips are fast absorbing the time once given to the chureh 
on Sundays. Moreover, reliable results of various investigations 
also show that with every year of secondary and higher education, 
the proportion of the rising generation who believe even in the more 
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fundamental doctrines of a personal God, a future life. mira 
the inerrant validity of inspired Scripture, diminishes. 1 
has passed when intelligent and thoughtful men and 
submit their belief or non-belief about the basal problems , 
and the conclusions of science to an ecclesiastical visé. 

The best thing about this rising tide of dissent jis 
reverent toward true piety, and insists upon religion. 
only dogma, the efficacy of rites, the assumption of inf 
finality, and the monopolization of the way of salvation, w 
stitute the essence of ecclesiasticism. But, you say, th 
and whirling dervishes of revivalism still succeed with t] 
tations: 

At the last convention of the International Bible Student 


Los Angeles, 30,000 were led by a spell-binding judge to 1 


that ‘‘goats’’ and enemies of the church within it ‘‘h: 
invaded the schools, colleges, seminaries and universities, 
destroying doctrines of higher criticism and evolution,’’ 
‘“blaspheming his name’’ by ‘‘a Satan-directed League of 
a long list of evils; that ‘‘the end of the world has come,’’ 
should withdraw from the denominational churches as repr 


and so forth. 


Doesn’t this show an ebb in the tide which runs s 
away from the church? I answer no, any more than dict 
in Europe are anti-democratic! The whirlwind exhorter 
the pastor for a time, as the dictator does the King. He fi 
formalities, and he wins approval from his hearers be 
want a rebirth of a deeper piety, a more direct and unpr 
access to the All-Father, and sympathize with his criticis 
church, for it is just these ’ that ‘‘get’’ his hearers 
carries them away with him for a time, but as they are not 
any promised land they soon settle back to their former 
because they are not really fed, and only the instinct of r 


‘ 


‘slams’ 


} 


strengthened and remains. Indeed, so far has religious 
progressed in any intelligent land that almost any one, sa‘ 
clergymen, can hold and express religious opinions, even t 


radical, without prejudice to his economic, social or political st 


ing. All tolerate because all doubt. 


III 


Gone, too, or fast going, is the old authority of the hom 


flapper feels that her mother and all her ideas are antiquated, at 


y 


she is inaugurating a new type of emancipated young wol 


We must believe, too, that on the whole her revolt is benefic 
The boy, almost in his infancy, Freudians tell us, or at least ! 


before he knows it, begins to hate and even to feel jealousy t 


ret 
AU 
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his father. Especially do the children of foreign families which 
land upon our shores—all the more if they speak another language 
ae 


_soon learn to become ashamed of their parents and their ways 
The school eclipses the influence of the home, and, as it becomes 
more and more paternal, of the parents. The homes of the poor, 
especially in the cities, are less and less attractive to the young. In 


modern society parents have less and less to do with their children, 
and thus both discipline and respect have declined. 
IV 

The ‘‘youth movement’’ is now almost worldwide. When the 
nations were enlisting men for the great war, and also to hearten 
those conscripted, they were told that it was a war to end war, to 
make the world safe for democracy, to usher in a better era. Not 
only have these promises not been realized, but youth everywhere 
eame home from the war disenchanted. They had learned that, in 
Sherman’s phrase, war was “‘hell,’’ and their slogan was ‘‘never 
again!’’ But, worst of all, they found themselves in a world of 
hunger, poverty, burdened with war debts and their own entire 
lives in the future dismalized. No wonder, then, that they dis- 
trusted the older generation, which they felt was responsible for it. 
Most of these movements tend back to nature, or at least to a simpler 
and hardier life. There is little unanimity, but an intense and 
seething idealism. Some of the traits where the young now go far 
beyond their elders are an open new diplomacy, internationalism, 
the reform of the educational system, more democracy, work com- 
bined with study and mutual help. Youth is striving toward 
to use the slogan and titles of their many little journals that have 
sprung up everywhere—a new religion, new light, new man, a new 
age, a new state, new economic relations and peace. In Australia 
they demand the abolition of armies, navies, forts, submarines and 
so forth. In the Latin-American countries their efforts are directed 
toward political and to the most radical educational reform—in 
France to a new university and a new type of lycée, and so on, in 
ways we have no time to specify here. The movement is more fully 
developed in Germany, where most of these movements, of which 
there are many with diverse ends, hark back to the period before 
the war of 1870 to that of Goethe, and even to the primitive Ger- 
mania of Tacitus, although there are counter trends toward Cathol- 
icism and even Prussianism. It is least developed in this country, 
where even in the forty odd student forums it is somewhat exotic, 
because student life here is so absorbed in extra-curricular activi- 
ties. In all countries older people look upon it very differently. 
A few almost apotheosize and others anathematize it. There is one 
thing, however, in which almost everywhere there is unanimity, and 
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that is that there must be no more great wars, and it is just 
point where a strike of youth against militarism could have 
effectiveness. All these forms of protest are expressions of th, 
spirit of emancipation from authority that is sweeping o 
world, and this means a more radical democracy. Everythi 
therefore, to a resumption of authority by the people, 

If this is fated, we have to ask what is to become of « 

If Plato was right in regarding the Demos as a beast. or. 
Bon school of thought is right that it means ‘‘moboec) 
‘“‘moronarchy,’’ if the war tests that show the average psycl 
age of our army as thirteen years are correct, do we not hav 
for despair? Must we not expect a general débidcle of 
This is the question of questions that confronts us to-day 

to many like a relapse from the control of reason to that of 
and it is here that pessimism has its stronghold, and some ever 
that the democratic ideal is the one great and vital illusion 
modern world. 

We believe this is all wrong, and that the people can b 
Let us take the broadest possible view, and then I think y 
find hope at the bottom of the Pandora box. 

(A) Language, with its wonderful intricacies, its copious 
laries, its complex but always logical structure, is not a crea 
individuals but of the masses of mankind. It was built up s 
from the contributions of innumerable individuals. The sa 
true of the vast structure of myth and folklore found every; 
The Zulus had unwritten mores which the English in Sout 
found so excellent that they substituted them for e 
dealing with crimes against both property and person. Th: 
traditions of races, sometimes dignified by the name of Bibles 
the slow evolutions of races—‘‘Out of the heart of nature 
the burden of the Bibles old.’’ Durkheim and Levy-Briih! 
that groups of primitive men working together bring a 
afflatus, so that great forward steps are chiefly taken in cor 
and the apostles of ‘‘Proletkult,’’ who would sweep away most 
the existing literature and create a new one, think this must 
done by joint efforts of mind stimulating mind. The mytl 
faculties have created in their crude forms the very basis « 
which all literatures and philosophies sprang, and we are const 
finding new meanings here. 

(B) One of the chief reasons why we distrust and underestimat 
the folksoul is that we do not realize, and indeed have been taught 
to disbelieve, that it created religions, including all gods and super 
nal beings of every kind, all heavens and hells and everything e's 
that we falsely call supernatural. There is a sense in whic! 
true that gods made men, but a larger and older truth is that me 
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have made their gods in their own images and projected them into 
the sky. They have had great leaders and religious geniuses who 


have led them and who have suggested beliefs in all that is tran 
seendent, but the main fact is that it is the acceptance of these sug- 
gestions by the masses that gave them all their significance. Thus, 
when we think we are worshipping God, we are really worshipping 
the sublimized creation of the soul of mankind which, in this image, 
has embodied all the best that it has ever been able to conceive 
The world needs this insight now as never before, because nothing 
gives man such confidence in his own intrinsic nature. The common 
belief that divine beings and events came first is really treason to 
human nature and fatal to saving faith in it. 

C) All the civilizations of the world, its cultures, its govern- 
ments, institutions, literatures, science, states, churches and al! 
kinds of organization—these, too, were made by great numbers of 
men acting together, often for a long period of time and over a 
wide extent of space. These have decayed or been destroyed over 
and over, and men have passed through trying periods of débdcli 
and relapse toward barbarism. But mansoul is unconquerable and 
irrepressible, and it has always sooner or later evolved other forms 
in all these domains, and best of all there has been general progress. 
There is often a tendency to ascribe developments that have re 
quired centuries of cooperation, conscious and unconscious, to a 
single man—Homer, Moses, Hamurabi. Sometimes these personages 
have been purely mythical, and sometimes historic, like Confucius, 
Buddha, Jesus, Mahomet; but in all these cases the scene was set, 
the play staged and the leader came, or was fancied to come, em- 
bodying the Zeitgeist which always produces the right man when 
needed, just as the chief actors and the play itself in the Attic 
theater evolved from the chorus. Men do not realize that the power 
to appreciate a great or good thing and the will to accept it are 
made warp and woof exactly of the same psychic stuff as is the 
power to create them, and differs from originality only in degree 
We pass to more specific bases of confidence in the masses now so 
rapidly everywhere coming into power. 

(D) Take the Carnegie Hero Fund, which has already given 
some 1,200 awards, with some 5,000 on their waiting list, to those 
who have saved the lives of others at the imminent peril of their 
own. Nearly all these heroes, the majority of whom are young, are 
from the middle and lower classes, and their acts were unpremedi- 
tated, spontaneous and instinctive, showing how altruistic and self- 
sacrificing gregarious man is at bottom. 

(E) Who has not been struck, too, with the fact that on the 
stage the gallery gods, and in the movies the more popular audi- 
ences, always approve every act and sentiment that is noble, and 
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mete out their disapproval at all character and cond 
mean and ignoble; and what novelist would dare to vi 
perative demands of his readers that the favorite character 
always win the girl, money, fame and every kind of 
though the odds sometimes seem to be incredibly against | 


4 


sc 


the villain also must get his ‘‘comeupance.’’ This shows th 
nature is sound to the core when it comes to making fy 
judgments which are always moral. 

(F') Woman, too, has very lately everywhere com: 
intellectually, socially, in politics and even in business 
nature is more altruistic than man’s. To borrow thé 


she is by nature alterocentric, while man is egocentric. H: 
and her life are in and for others. This is now one of 
safeguards of the world against the overwhelming self-se 
marks our era. 

(G) Youth, too, which in its generous trends is so : 
best that is in femininity, is the predominant character 


country, which is young compared with others, not mer 
but in spirit. America is less controlled by its traditions \ 
few and brief, and has far more regard for the futur 

in any other land. We are generous, and our charities, es 


of late, have been unprecedented, because our sympat 
transcended political limits and have become cosmic in th¢ 

Finally, if we have a national trait at all comparab! 
German Gemiit and the French esprit, it is common se! 
might almost be called our muse. It may be limited in 
but it is the very culmination of sanity. It is the power 
great things and persons by common every-day standards 
the key to what is remote in time, space or even race, in 
right about us every day. This, perhaps more than anyt! 
is the leaven that makes out of all the races and nationa 
have composed our population the true Americanism so 01! 
manded and so often misunderstood. 

Vv 

Besides all this, there are certain safeguards which 
must more and more recognize and make effective. Th 
these is eugenics, which is often ealled the religion of th 
We must give more regard than hitherto to health of | 
mind, and to the laws of human stirpiculture. Civilizations 
past have declined because the psychological and physiolog 
of breeding were disregarded, and the human stock decayed. Ag 
education must at every point supplement heredity. From 
tical standpoint it is idle to quarrel as to which of these two 1s ' 
most important; both are essential in democracy. McDoug 
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salvation only in eugenics, and H. G. Wells, who insists wi 


sees ° 


must decuple our expenses and equipment for education in order to 


salvage the race, are partisans. Both these causes must work to 
gether in span to make sure of the future, for the breakdown ot 
either means decay. 

Finally, I would add that both culminate in the sublimation ot 
ove. How far this is achieved or failed of is just now being re- 
vealed as the chief factor in human destiny. I believe that the voice 

the people is the only authentic voice of the only God there is in 
he world of men—hence that democracy is the only true theocracy ; 
hat men, individually and collectively, were meant to be a law to, 
nd to rule, themselves, rather than to be governed from without: 
that human nature with all its faults is preponderantly good, and 
an safely be trusted, because most of its faults and defects are due 
to repressions by outer authorities which cause arrested develop- 
ment. To-day mankind is reaching its majority, declaring its in- 
dependence and faring forth on a new Grail quest for real free- 
dom. Instinct and the unconscious are older, better organized, 
quicker acting and saner than reason or consciousness, somewhat 
as the lowly life portrayed in ‘‘ Main Street’’ and ‘‘ David Harum”’ 
is more truly representative, more interesting and essentially truer 
to life than are stories of courts and upper-tendom. Indeed, there 
seems to be a deep impulse beneath and dominating civilization to 
submit oceasionally all its thun und haben to the assay of the aver- 
age man and his saving oracle of common sense. In fact, in a demo 
eratie age this is the only tribunal of last resort. 

Thus, I have no grave fears of anarchy, bolshevism, scepticism 

r even of atheism, Proletkult, red propaganda, the new woman or 
the youth movement all of which are so often ‘‘ viewed with alarm.’’ 
All these phenomena mean emancipation from old repressions, and 
a larger liberty. Hegel was right. The best of all measures of 
human progress is growth and the consciousness of freedom, and 
this is just as true whether the method of advance be by evolution 
or by revolution. 

On the other hand, we must not forget that democracy in the 
present meaning of that term is a very new thing in the world. 
It has, in faet, only just begun, and has a far longer and harder 
road yet to travel than it has had so far. Hence, its chief assets to- 
day are not in its achievements but in its ideals. Most of its beck- 
onings are mirages that never can become real. What is its ulti- 
mate goal? I answer that it is a country, state and world in which 
each individual does what he can do best and is rewarded according 
to his service. Each will be not only tested from childhood on, but 
assigned his grade, and be assured the place that allows the freest 


Vol. XVIII.—30 
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scope for doing the best that is in him. We do not begir 
the difference between individuals outwardly nearly ali 

Some are born to be hewers of wood and drawers of 
are fortunate if they can be made self-supporting ; pract 
under one name or another must always be their lot. E 
zation has always had and will forever have its drudge ¢| 
advance in machinery will ever relieve them of their { 
only mitigate it. But even they must never be exploit: 
the full reward of all they do, and, above all, should } 
stage of life the door of opportunity kept wide open 
of ability must be dedicated betimes and recognized 
in gifts are men that if there were to be a Hebraic Jubi 
years, each half century would develop perhaps alm 
equalities as before. Such a divvy would also give ea 
small portion of what he wants, so that there is always 
settling and dangerous surplus of unfulfilled wishes 
democracy is that it has aroused so large a body of ho; 
utterly unrealizable. Hence, abhorrent as it is, we 
the way for a gospel of renunciation. Most people, at 
time, demand too much of this life, especially now that 
in another is fading. Ranks and elasses are inherent 
nature. Perhaps Goddard’s dream will come true, and « 
accept the rating that consigns him his true and just p! 
hierarchy of the world’s work. 

Before that comes, however, we must work out the 1 
problems of capital and labor, of the tyranny of ma, 
monopolization of public utilities, and the dethronement 


privileges, especially those that come by inheritance 


<é 


The one outstanding trait of the ‘‘ youth movement,’ 
world-wide, is the unification of young intellectuals 

This in a generation will make the latter articulate and p 
never before. Men had to be inspired by extravagant exp 
to launch out on the uncharted sea of democracy. Like 

this will have to be reinterpreted, and what they mean four 
neath what they say—and these two are very different 
cause the human spirit has faced and solved so many ot! 
lems, just as difficult if not more so compared with the res 
its command, we believe it will muddle through those that 1 
front it. We believe this because, and only because, we belie\ 
human nature, however crude, is on the whole still sound 
core. If not, we are lost, and the last great hope of the wor! 
prove its direst delusion. 
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RECENT DEVELOPMENTS IN PREHISTORY 


By Professor GEORGE GRANT MacCURDY 


YALE MUSEUM 


One of the most important developments in the field of Pre- 
tory is the general recognition of the existence in the Upper 


Tertiary of a human precursor capable of utilizing and chipping 


nts: this recognition confirms the views held and expressed by 

present writer since 1905. Although sufficient evidence on 
which to reach a positive decision existed at that time, it has taken 
the discoveries by Reid Moir in East Anglia during the past fifteen 
vears to produce the cumulative effect necessary to convince the 
more hardy doubters. 

Piltdown: Reeent investigations and discoveries bearing on 
human and proto-human skeletal remains are in keeping with the 

hove cited views of the writer concerning the existence of a flint- 
‘hipping Pliocene precursor. New light on the man of Piltdown 
has been furnished by the discovery of additional skeletal material 
some two miles distant from the original site. It includes a small 
portion of the occipital, a portion of the right half of the frontal 
with a part of the orbital margin, and the first (or second) lower 
left molar. These pieces are in the same chemical condition as the 
human bones from Piltdown and belong to the same type, even to 
the relatively great thickness of the cranial wall. In fact, the 
fragment of the frontal and the tooth might have belonged to the 
skull and lower jaw from Piltdown, although there is a very slight 
difference in tooth wear. But the occipital fragment must belong 
to another cranium, for the same part of the occipital is present 
in the Piltdown cranium. One can say that these last-found 
fragments represent at least one additional individual. 

If the Piltdown cranium and lower jaw belong to one individual, 
and if the tooth and cranial fragments from the new site all belong 
to a second individual, the evidence afforded by the new discovery, 
although based on small fragments, would confirm, in so far as it 
goes, Smith Woodward’s original conclusion that the Piltdown 
cranium and lower jaw belong together. It is scarcely within the 
range of probability that twice in succession an association of fossil 
human and chimpanzee bones should come to light and that in each 
case the association should consist of identical parts, namely, the 
cranium of man and the lower jaw (or rather a tooth from the 
same) of chimpanzee, unless perchance the new lower left molar 
belongs to the lower jaw of Piltdown; if this be true, it would 
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materially strengthen the view that the Piltdown 
lower jaw do not belong together. The cranium 
thick and heavy for its size; the same is true of 


occipital fragment. The lower jaw is of a wholly d 


graceful, shapely, relatively light in comparison wit] 

A radiographic study of the teeth of Piltdow 
Krapina, Ehringsdorf and modern man as compared y 
of the higher apes, supports the view that the teeth of t 
lower jaw are human and not ape-like. In man, bot 
living, and in Piltdown, the pulp cavities are r 
larger than in the higher apes. The crown height of 
teeth is comparable with that of fossil man and consider 
than that of the chimpanzee. Thus, the Piltdown dentit 
classed in this respect with that of Homo h: 
neandertalensis, and even with that of recent man, ; 
hypsodont, rather than with the low-crowned or char 
tition of the chimpanzee. It is possible that the P 
represents an older type of man than do the two P 

The latest reconstruction of the Piltdown skull by E 
and John Hunter has brought to light additional prin 
characters that are in keeping with evidence furnis! 
covery of the second individual and with the assumpt 
nium and lower jaw belong together. They find that 
is much shorter than was originally supposed to be t! 
brings the cranium more in keeping with the lower 
as type is concerned and gives a cranial capacit) 
1,260 cubic centimeters. 

All the new evidence seems to point in one direct 
which would lead to a correlation of cranium with low: 
eranium is human but belongs to a primitive type 
known, wholly different from the Neandertal ty; 
Heidelberg type. The lower jaw is ape-like but not 
that of an ape; although more primitive than the o1 
association of the two, if not based on positive data, is at 
an anatomic impossibility. There is also ground for r 
jaw to an earlier and more primitive type than the crani: 

It was the author’s good fortune to examine the o1 
down specimens in 1922. In the exhibition room of the S 
sington Museum, Smith Woodward had placed on view 
the lower jaw (right half) fitted to the left half of t! 
of a chimpanzee. The author noted that the outer 
physial contact was longer on the Piltdown half than « 
panzee half, although the two rami were approximat« 
in size. This means that the post-symphysial platform 1 


eP 
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»ronounced in the Piltdown lower jaw than in the chimpanzee. In 
a r to surmount such an anatomical obstacle, one must invoke 
“wider range of individual variation within the genus Homo 
Foanthropus ineluded) than has hitherto been considered ample. 
One can not accept the association of cranium and lower jaw 
and still remain skeptical regarding the association of the canine 
oth with the lower jaw. The second discovery did not include a 
The Piltdown canine was found later, but at a spot 
ear where the lower jaw had been found. It is more ape-like than 


molars and is the only canine thus far discovered. Its right to 
place in the dentition of the man of Piltdown comes partly 


through the exaggerated chimpanzee slope in the symphysial region 

the lower jaw and partly through default of other claimants. 
This right would most certainly be questioned should another less 
ape-like canine be found at Piltdown. 

Pithecanthropus erectus: Further researches into the nature 

‘the remains of Pithecanthropus erectus found by Dubois at 
Trinil, Java, tend to confirm the view that a human precursor 
capable of utilizing and chipping flints might well have existed 
as long ago as the Upper Tertiary. Although the Pithecanthropus 
remains were for a time inaccessible to anthropologists, Dubois has 
continued his studies, especially of the endocranial surface of the 
skull eap. He finds it to be perfectly preserved; the region of the 
Broca convolution, the seat of articulate speech, is quite different 
from that in any known ape’s brain. The making of an endocranial 
cast has enabled Dubois to revise his estimate of the cranial capacity 
which he now places at 985 cubic centimeters (instead of 850 ee), a 
figure slightly larger than the minimum (960 ec) among the Veddahs 
and much larger than the cranial capacity of the adult 
gorilla (550ec). Pithecanthropus erectus is, therefore, much 
nearer to Homo than was at first supposed. Both Hrdli¢ka and 
McGregor, who were so fortunate as to see the originals last sum- 
mer, would place Pithecanthropus much nearer to man than to 
any known ape. The fragment of a lower jaw with the first (01 
second) premolar and the socket for the tooth immediately in front 
was found in the same horizon as Pithecanthropus, but at a distance 
of some 40 kilometers (25 miles) southeast of the Trinil site; judg 
ing from its appearance, this fragment might well have belonged 
to another individual of the same genus. 

Ehringsdorf: To the adult human lower jaw found in traver- 
tine interglacial deposits at Ehringsdorf near Weimar in 1914 
there has been added the fragmentary skeleton of a child ten years 
old, ineluding the lower jaw. The latter has points in common 
with the lower jaw of the adult, such as absence of chin and a sort 





470 THE SCIENTIFIC MONTHLY) 


of post-symphysial platform. The ascending ramus yw 


ent in this child resembles the Piltdown lower jaw 
than it does that of Mauer. The Ehringsdorf hy: 
mains were found associated with flint artifacts and a 
they are older than the remains of Neandertal 
with a cold fauna. 

La Quina: Dr. Henry Martin’s discovery of th 
Mousterian, or Neandertal, child about eight yea: 
rock shelter of La Quina (Charente) has added appr 
knowledge of Neandertal racial characters. The 
nearly complete and shows very clearly the rudiment 
special characters that appear in the adult; dolicl 
forehead with frontal protuberances, prominent brow 
span without a break the space above the root of th 
tive mastoid processes, and big round orbits. Happ 
work of the nose is complete, showing that the Near 
was not so flat as some had been led to believe. This 
child differs enormously from the cranium of an « 
Homo sapiens and indicates that Neandertal cranial 
is very old as well as specific in character. 

Solutré: The type station of the Solutrean Epoc! 
an Aurignacian horizon; in this horizon, at the cla 
Crot-du-Charnier, a discovery of capital importance 
1923 by Drs. Mayet, Arcelin and Depéret, who une 
Aurignacian burials in situ beneath the horse magma 
had been left in extended position with the head in eac 
west. Near the first burial, that of a young adult 
were found the fragmentary skeletons of two very yo 
Burial Number 2 was that of an adult male, as was 
Number 3. The three formed a linear series running 
in each case two stones had been placed at the head 
side). 

A detailed study of the three adult skeletons is being 
Dr. Lucien Mayet, of the University of Lyons. The two! 
tall—1.83 and 1.75 meters (6 feet and 5 feet 10.5 inches 
tively ; their skulls have a cephalic index almost too larg 
them within the dolichocephalie class. They are said 
like the man of Cro-Magnon than that of Combe-C 
stature of the female is estimated at 1.55 meters (5 feet 
Some of the sepultures found in the Crot-du-Charnier at 
date were no doubt of Aurignacian age as had been s 
Obermaier. 

CuLtTuRAL EvoLution 


Switzerland: There have also been important develop! 
the field of cultural evolution. A recent discovery proves t! 
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slacial man was able to support himself at great elevations in the 


Swiss Alps. Emil Bachler has discovered a cavern at a height of 


9445 meters (7,946 feet), near the top of Drachenberg, southerly 


‘rom Ragatz. This cavern, very appropriately named Drachenloch, 
‘< in the heart of the Alpine field of glaciation; it contains not only 
human cultural remains but also fossil animal remains. The nature 
of these is such as to preclude the possibility of their being post 
glacial; they must therefore be referred to the last interglacial 
Riss-Wiirm) epoch. The abundance of cave bear remains (aver 
aging more than 95 per cent. of all the fossil animal remains) in 
Drachenloch is an interesting phenomenon and no doubt due to the 
fact that the interglacial hunter brought his favorite game animals 
there as booty. The bones are never in anatomic relation; they 
are not water worn, hence could not have been washed in, and the 
deposits are not due to water action. 

The Cult of the Cave Bear must have held sway at Drachenloch 
Bachler found altars on which skulls and long bones of the cave 
bear were placed in orderly fashion; the skulls were oriented so as 
to face the cavern entrance (also exit since it is a blind cavern 
This proves that something akin to the religious instinct was 
already developed long before the cave-art period and the appear- 
ance of the early Cro-Magnons in western Europe; it even antedates 
the Neandertal race associated with a cold fauna. 

The Drachenloch hunter improvised a bone tool consisting of a 
eave-bear fibula for skinning and preparing the hides of the cave 
bear. The bone was broken obliquely near the center and the 
broken surface was polished for and by use; the proximal epiphysis 
was employed as the handle. Bachler found 31 specimens arranged 
on a flat stone so as to bring the handle always at the same end of 
the pile; some of these specimens had clearly seen service as indi 
eated by the wearing down of the broken end. Distal ends of the 
fibula were also found, but none of them showed marks of use; the 
distal epiphysis obviously did not fit the hand so well as the proxi- 
mal. Bone splinters and canines of the bear, split longitudinally, 
were utilized as pointed implements. 

The innominate bone of the cave bear was made to serve a 
variety of uses through the removal of the distal ends of the iliae, 
pubie and ischiae portions; the margins often bear marks of use 
Such tools admit of service in a number of ways: as a skin seraper, 
or as a vessel for holding water, blood or oil (lamp). Specimens 
of this sort occur by the hundreds at Drachenloch, as many as 25 
or 30 having been found in a single heap. 

Siberia: New light has been shed on the character and geo- 
graphie distribution of Upper Paleolithic culture by Gero von 
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Merhart’s discoveries in the loess of the Yenisei valley 
The sites explored by von Merhart are in the vicinity o{ = ’ 
south of Krasnoyarsk. They, as well as the previous]; kn 
tion of Afontova, belong to the Upper Paleolithic (proba 
dalenian) with a Siberian facies.’ Similar finds have been y 
trom Wercholensk Mountain near Irkutsk by B. E. Petri. and 
China by Father Teilhard de Chardin. 

France: One of the most active of the cave explorers in F 
is Dr. R. de Saint-Périer. For the past dozen years he has ex 
a group of caves (grotte des Harpons, grotte des Boeuts. o 
Rideaux) at Lespugue between Saint-Gaudens and Sain: 
(Haute-Garonne). All three of these caves have yielded 
examples of Paleolithic art as well as artifacts: engraving 
horse on bone, harpoons of reindeer horn, a stone lamp, et 
the grotte des Harpons; bone javelin points, bone needles 
engravings on bone, and a fish (probably flounder 
the contours cut away, from the grotte des Boeuts: b 


(Venus) from the grotte des Rideaux. This last is ot 
portance because practically complete, of fine workmans 
of a type especially favored by Aurignacian artists. 
and relief figures of the same general type had been 
viously at Brassempouy (Landes), Laussel (Dordogne 


tone caves, and Willendorf (Lower Austria); while in 1922 
Otto Schmidtgen found the lower half of two female statu 
this type in the loess within the city limits of Mainz on the R 
The ivory statuette from Lespugue surpasses in length 
one of the group, although by no means as large as the r 
Laussel. It has the characters common to all—undifferer 
features, large pendant breasts and mountain of Venus, e1 
hips, large thighs, slender arms, and legs diminishing from t! 
down—but resembles the Venus of Willendorf more close); 
any other. Unfortunately, the pick of the workman injur 
statuette in the region of the breasts; the restoration serves t 
phasize the close resemblance to the Willendorf specimen. Th 
is exactly the same even to the resting of the lower arms « 
breasts and the outlines tapering from the hips in both di 
They are as much alike as a tall slender figure can be lik 
stocky figure of the same general type. The artists who mad 
were both masters of the same canons and traditions. The st! 
similarity of these two figures throws a flood of new light 
homogeneity of Aurignacian culture over a wide geograp! 
If specimens of this kind can still be found in the caves ot 1 


1 Amer. Anthropol., N. 8., XXV, 1-55, 1925. 
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ingne and Garonne valleys, the caves of Grimaldi, and in loess of 


f 


the Danube and Rhine valleys, the probabilities are that they onc 
existed at all the principal Aurignacian settlements in central and 
western Europe. 

During the summer of 1923 the region between Saint-Gaudens 
and Saint-Martory was made to yield more of its cave-art secrets. 
A prediction made by the present writer in 1913 after Count Be- 
gouen’s discovery of bisons modeled in clay at Tue d’Audoubert 
Ariége), that such figures were common to many Paleolithie cay 
erns but had been destroyed, was literally verified last summer by 
Norbert Casteret’s discovery of many animal figures modeled in 
clay in the eavern of Montespan (Haute-Garonne). Chief among 
these is a large headless bear, 1.10 meters (43.3 in.) long; the pres- 
ence of a bear’s skull between the forepaws of the model leads Cas 
terest to conclude that the latter might have been provided with a 
real bear’s head. The body is covered with dart thrusts. Around 
the bear were some twenty smaller clay models in relief rendered 
unrecognizable by the action of dripping water; the three best pre 
served are horses with ample paunches and abundant mane and 
beard. Elsewhere there were three large feline figures (1.50—1.60 
meters) leaning against the wall and much damaged; the breast ot 
one is marked by numerous javelin thrusts. <A horse’s head in clay 
about the size of a man’s hand was discovered in the same gallery 
On a bank of clay Casteret found half of a woman’s body modeled 
in clay, also several clay balls. 

That the artist purposely mutilated some of the models by means 
of numerous dart stabs is a performance full of magic significance 
It seems that the Montespan clay models were never so perfectly 
formed as were the bisons from Tue d’Audoubert; the latter were 
chosen apparently to live for breeding purposes, while those from 
Montespan were marked for death at the hands of the hunter. No 
text could be more eloquent of the true meaning of cave art than 
these mute but by no means inglorious witnesses from Tue and 
Montespan, testifying to the caveman’s need for clothing and sus 
tenanee, and to the magie means invoked in his behalf 

In addition to the clay models, Casteret found at Montespan 
mural engravings of the bison, horse, reindeer, stag, ass, wild goat, 
mammoth and hyena; the horse and bison predominate. There 
were also engravings done in the clay of the cavern; those above 
high water are still preserved. 

Casteret deserves high praise for the courage and skill exhibited 
in meeting difficulties. The danger of losing one’s way, even where 
there is no water to wade or swim, would suffice to discourage many 
Casteret had not only to swim, but also dared to pass through the 
neck of a siphon under water; for the ceiling was so low at one 
place as to be completely submerged. The story of how he alone, in 
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bathing attire and carrying a candle and matches in a ry} 
swam a subterranean stream for 1,190 meters (ca. 3.900 
finally rewarded by his notable discoveries at Monts spat 
ing example of the courage and endurance demanded o 
would wrest from the caverns their subterranean secret 
class belong the achievements of Count Begouen and his « 
and Trois-Fréres (Casteret is a student of Count Begou 
louse) and the Abbé Lemozi with the youthful David at 
of David in Lot. 

In 1922, David, a boy of fourteen, inspired by the dis 
the Abbé Lemozi at Marcenac, Sainte-Eulalie and Murat 
to do some exploring on his own account. Armed with a: 
matches, the lad began exploring on his father’s ow 
squeezed through an aperture, crept into a small gallery 
unusual difficulties eventually found himself in another 
large dimensions. Much excited by his success, th 
back to sunlight and reported his discovery first to his 
then to the Abbé Lemozi. Within a month the Abbé Li 
David found on the walls of the large gallery some 
engraved or painted in black and red; bison, mammoths 
and the human hand. The great gallery is connect: 
smaller galleries, one of which contains a beautiful mura 
a bear; the other contains mural engravings and painti: 
and fossilized excrement of the bear. Of special significa: 
engraved figures of men (ithyphallic) followed by 
prominent pendant breasts. The art in the cavern of D 
been referred in part to the Aurignacian and in part 
dalenian Epoch. 

It can thus be seen that recent discoveries have tended t 
the field of Paleolithic art. Enough is now known to g 
fairly good idea of the cave artist’s reaction to the world about 
and the reasons for his choosing the models he did. Almost 
models were animals; representations of plants are very 
those of inanimate objects also rare. An overwhelming ma) 
the animals were chosen from among the vertebrates, 
being given to mammals that were useful for food and 
the horse, red deer, reindeer, bison, mammoth, ete. Represe1 
of invertebrates, so far as known, can be counted on the fi 
one hand. The fifth example, an ivory coleopter (insect 
grotte du Coléoptére (Luxembourg), Belgium, has jus 
ported by J. Hamal-Nandrin. The four examples previous!) 
are all from France: a coleopter of lignite from a cav 
sur-cure (Yonne), an ivory beetle from Cap Blane (Dord 
ladybug from Laugerie-Basse (Dordogne), and a Cypraeca 
ivory from the cave of Pair-non-Pair (Gironde). 


1 
+ hey 
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THE HISTORICAL BACKGROUND AND 
SETTING OF THE PHILOSOPHY 
OF FRANCIS BACON’ 


By Dr. HARRY ELMER BARNES 


SMITH COLLEGE 


I. INTRODUCTION 

In a paper prepared for the Toronto meeting of the Americar 
Association for the Advancement of Science the writer attempted 
to eatalogue the various intellectual influences which combined to 
bring about the decline of ancient science.? It was there suggested 
that an altogether different set of cultural factors and psychie atti 
tudes was required before any reasonable hope could be entertained 
of the possible rise of an ardent interest in experimental and ob 
servational science. It will be the purpose of this paper briefly to 
survey the historical factors which conditioned and produced thes: 
novel intellectual attitudes and made the era of Francis Bacon one 
of the most dynamic and interesting in the history of thought, sei 
ence and culture, thus rendering Bacon’s enthusiastic manifesto o 
the inductive and observational method singularly appropriate to 
his age, whatever his deficiencies in recognizing certain phases of 
the scientific achievements of his contemporaries, who were as much 
less gifted stylistically as they were more talented in the actual 
work of the scientist.® 


II. THe ScHouastic SYNTHESIS 


sé 


As Bacon’s ‘‘Novum Organon’’ was designed to uproot and sup 
plant the ‘‘Organon’’ of Aristotle, our survey of the background of 
Baconian thought should begin with a brief analysis of the Scho 
lastie method, as systematized by Aquinas, Scotus and Occam, which 
presented the most perfect embodiment of dialectical technique and 
skill yet produced by mankind. The Patristie age, profoundly in- 


fluenced in its intellectual attitudes by Neo-Platonism, had eschewed 


reason and placed its reliance upon faith, revelation and authority 
Perhaps the first important thinker to challenge this view of the 
all-sufficiency of faith was the most daring mind of the ninth cen- 


1 Paper read at the Cincinnati meeting of the American Associat 
Advancement of Science, December 31, 1923. 

2 Published in the Pedagogical Seminary, June, 1922 

*The best guide for such a survey is J. H. Robinson’ 
History of the Western European Mind,’’ pp. 28-51 

* A. Harnack, ‘‘ History of Dogma,’’ Vol. I, pp 
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tury, Erigena, who suggested that in certain cases reaso 


teries of theological verity. This position was not general. hy 
at the time, and it brought no little unpopularity and criticism 
its author and sponsor.* Much more in the spirit of the ac 
the edifying encyclopedia of Rhabanus Maurus, embod 
cepted tradition as to secular and spiritual truth, and - 
venient Glossae of scriptural and patristic authorities 01 
problems of theological import prepared by men like W 
Strabo.°® 

This practice of compiling edifying and convenient an 
of accepted authorities went along very well and seemed ; 
for the guidance of the faithful Christian on his itinera 
New Jerusalem, until, in the early twelfth century, a mon! 
Peter Abelard brought out a work entitled ‘‘Sie et Non 
proved that revealed authority was apparently frail and 
worthy. He selected certain main problems of philoso) 
theology, and then indicated that on all these issues ther 
damental divergences of opinion on the part of the mo 
and reputable of scriptural and patristic authorities. H 
launched a vigorous attack upon the Neo-Platonic and P 
contention that credulity was the mental attitude most befitt 
Christian. In what might well be the slogan of every crit 
progressive thinker, he denied the efficacy of simple an 
credulity and passive expectation of revelation, by hol 
‘‘the beginning of wisdom is found in doubting; by dor 
come to examine, and by further examination we may < 
the truth.’’ By his subtle dialectic he indicated th 
reason in the face of the futility of discrepant authorit; 
ous revelation.’ 

After the time of Abelard the question raised by E1 
whether reason might not have a place along with 
anachronism ; it was thenceforth evident enough that fait 
longer rest on authority and revelation alone, but must 
tressed by the most irreproachable logic. Such being t! 
was essential to provide some place in which the d 
expositors of the faith might be adequately trained for t 


eTel 


requirements and responsibilities. The result was the ris’ 
medieval universities. The scope and purpose of medie’ 
versity instruction is well expressed in the famous medieva 
that ‘‘the sword of God’s word is forged by grammar, s 


5 R. L. Poole, ‘Illustrations of the History of Medieval T 
6H. O. Taylor, ‘*‘The Medieval Mind,’’ Chap. X. 
7 J. McCabe, ‘‘ Abelard’’; J. G. Compayré, ‘‘ Abelard and thi 


Universities. ’’ 
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hy logic, and burnished by rhetoric, but only theology can usé 
While there were universities which offered graduate instruction in 
law and medicine, theology still remained ‘‘the queen of the s 
ences,’’ though the students of theology were not as numerous as 
they became after the Counter-Reformation. The work for the 
bachelor of arts degree was regarded as little more than an ae: 
demic apprenticeship, and the subjects studied were primarily the 
trivium, or first triad of the seven liberal arts, consisting of gram- 
mar, rhetoric and dialectic. The latter was the most important, 
however, and it prepared the student to go forward to advanced 
work in law and medicine as well as theology. It was based pri 
marily upon Aristotle’s ‘‘Organon’’ and was the dominant tech- 
nique of medieval Scholasticism. It rested upon the assumption 


that the realm of reality was the world of ideas, generally inde- 


tile 


pendent of the external world as revealed by sense perception, and 


that truth could be assuredly surprised and captured when pursued 
by a strategic ruse founded upon the laws of sound argumentation. 
Avoidance of logical fallacies in weighing the arguments of the 
ancients, rather than observation of the commonplace things of 
nature, was the sure path to determinate truth and the augmenta- 
tion of wisdom. Francis Bacon himself thus caustically sum 
marized the methodology and achievements of the Scholastic philos 
ophers :* 

Having sharp and strong wits, and abundance of leisure, and smal! 
of reading, but their wits being shut up in the cells of a few authors 
Aristotle their dictator), as their persons were shut up in the cells of 1 
and colleges, and knowing little history, either of nature or time, they d 
of no great quantity of matter and infinite agitation of wit spin out ur 
those laborious webs of learning which are extant in their books. 


The following passage may be spurious, but no one acquainted 
with medieval learning would regard it as an inaccurate represen- 
tation of the procedure of the Scholastic age in the settlement of a 
perplexing problem: 


In the year of our Lord 1432, there arose a grievous quarrel among the 


brethren over the number of teeth in the mouth of a horse. ‘or thirteen 


nd chronicles 


days 


the disputation raged without ceasing. All the ancient boo 


were fetched out, and wonderful and ponderous erudition, such as was never 


before heard of in this region, was made manifest. At the beginning 
fourteenth day, a youthful friar of goodly bearing asked his learned superiors 
for permission to add a word, and straightway, to the wonderment of 
tants whose deep wisdom he sore vexed, he beseeched them to unben 

*C. H. Haskins, ‘‘The Rise of Universities’’; H. Rashdall, ‘‘The 
versities of Europe in the Middle Ages’’; L. J. Paetow, ‘‘The Arts Course in 
Medieval Universities’’; M. DeWolf, ‘‘ History of Medieval Philosophy.’’ 

® Cited in J. H. Robinson, ‘‘Mind in the Making,’’ p. 122. 
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manner coarse and unheard of, and to look in the open n 

find answer to their questionings. At this, their dignity being 
they waxed exceedingly wroth; and joining in a mighty uproar 
him and smote him hip and thigh, and cast him out forthwit] 
surely Satan hath tempted this bold neophyte to declare unl 
of ways of finding truth contrary to all the teachings of the 
many days more of grievous strife the dove of peace sat on th 
they as one man, declaring the problem to be an everlasting 
of a grievous dearth of historical and theological evidence th 


the same writ down. 


Yet it is easy to be over-critical, supercilious and conten 


in estimating the intellectual attainments and contributions 


Schoolmen. Considering the cultural and intellectual sett 
the time, they were a credit to scholarship and the teaching | 
sion. They aroused a permanent professional interest in te 
outlined and systematized the knowledge requisite for th 
sion, perfected the technique of research as that matter w 
understood, and generated real enthusiasm on the part of 
tude of students who were compelled to study under far less 
tageous conditions than now exist in institutions of higher | 
For the greater part of the intellectual life which existed 
medieval period the scholastic philosophers and pedagogu 
responsible, and the superiorities of modern university i 
and scholarly achievement must be assigned primarily to th 
advances in the general cultural and technical setting ot 
educational efforts.?° 


III. ProGresstvE INTELLECTUAL AND SCIENTIFIC: TRENDS 
THE MeEpIrEvAL PERIOD 


Two other facts which should lead us to take a somew! 
appreciative standpoint towards the Middle Ages than is fr 
done are the existence of men whose attitudes were a harbinger 
the coming era of observational and experimental science; and t! 
western European appropriation of the learning which the Ar 


had absorbed from their contact with late Hellenistic cultur 
the East, and preserved in part throughout the medieval pe! 
Men like Adelard of Bath, Michael Scot, Albert the Great, Pet 
Abano and Witelo were truly scientific in their attitudes and as} 
tions, and might well have been great laboratory scientists had t! 
lived in the scientific and technical setting of Helmholtz, Pasteu 


10 A fairly judicious estimate is to be found in Taylor, ‘‘ Medieval M 
Vol. II, Book VII. The best summary is contained in Haskins, op. cit., 

11 See Lynn Thorndike, ‘‘History of Magic and Experimental 
during the First Thirteen Centuries of Our Era’’; Vol. II, pp. 14-49, 
454-456, 517-575, 874-947; and C. H. Haskins, ‘‘Studies in the Hist 
Medieval Science.’’ 


~ 
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ond Emil Fischer.** The venerable illusion that Roger Bacon was 
only medieval figure who comprehended or practiced the el 


the 
ments of the observational and inductive method should have been 


dispelled by the various critical and historical essays which ap 
seared around the year 1914, in conection with the seven hun- 
dredth anniversary of Bacon’s birth, and is no longer at all tenabl 
in the light of the recently published researches of Professors Lynn 
Thorndike and C. H. Haskins on the scientific activity of the medie- 
val period.** Yet, if Bacon was not unique in regard to his actual 
achievements in the field of scientific activity, it will probably be 
conceded by even critical students that he set forth the limitations 
of the dialectical method, discussed as a methodological abstraction 
and technique the observational and experimental method, indi- 
eated the possible technical and social improvement inhering in the 
application of science, and classified the leading causes of obstrue- 
tion to clear and independent thinking more successfully than any 
other single figure in the Middle Ages. At the same time it is not 
unfair to point out that his preeminence, if it may be regarded as 
such, like that of Lord Bacon, consisted more in his superior rhet- 
orice and the more trenchant phraseology of his writings than in 
substantial practical achievement in scientific activity.’ 

Even more important for the intellectual and scientific progress 
of Europe were the series of innovations in mathematics and sci- 
ence, and the significant practical inventions which came into west- 
ern Europe before the close of the Middle Ages, primarily as a 
result of European contact with Arabic and oriental culture 
prophetic, as it were, of the future when the whole character of 
European civilization was to be transformed from the contact of Eu- 
rope with extra-European lands. In mathematics the Arabs trans- 
mitted to Europe the so-called Arabic numerals, which were prob- 
ably of Indian origin and facilitated simplified arithmetical ealeu- 
lations which were impossible with Roman numerals, the algebraic 
notation which allowed Galileo, Descartes, Napier, Newton and Leib- 
nitz to carry on the development of mathematics to the caleulus, an 
achievement denied to Archimedes because of the lack of an ade- 
quate notation, and the Greek contributions to geometry which had 
been largely lost during the early medieval period in western 
Europe. In optics Alhazen and others earried on the contributions 

12 Thorndike, op. cit., pp. 616-687. 

13 Ibid. We have not here assumed to discuss the validity of the so 
meg Bacon manuscript which, if genuine, would seem to indicate that Bacon 
anticipated Hooke in the use of the microscope by some four centuries. For 


& summary of the situation see Harper’s Magazine, July, 1921, pp. 185-197. 


‘Studies in the History and 


t 


»9 1] 
ealle 


For Bacon’s contributions to optics see C. Singer, 
Methods of Science,’’ Vol. II, pp. 121 ff. 
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of Euclid and other Greek workers in this field, ex: 
liminary achievements in the way of manufacturing 
mirrors, which were of indispensable significance for 
development of the sciences like biology and astronom 
pend upon the utilization of the microscope and teles 
nothing of the services rendered to the mitigation of! 
sight, and the inspection, adornment and possible beaut 
the human anatomy. Clocks were developed as far as t] 
of the balance clock, possibly from Arabic models, t] 
the progress which led to the ultimate perfection of th 
and the appearance of reliable dynamic mechanics." 
While the Arabie and Christian alchemists did not 
philosopher’s stone and achieve transmutation of met 
sonal rejuvenation, they did discover or utilize certain 
icals, such as antimony, saltpeter, arsenic, zinc, bism 


nese, ether and metallic salts, which furnished the b; 


work of the early chemists from Paracelsus onward, w 
ored to divorce chemistry from the supernaturalism an 

of alchemy and to secure its concentration upon practi: 
problems. The ultimate outcome of the work of the al 
justified Francis Bacon’s notable figure when he s: 
chemy may be compared to the man who told his sons t 
left them gold buried somewhere in his vineyard ; while t] 
ging found no gold, but by turning up the mould about t 
the vines procured a plentiful vintage. So the search a 

to make gold have brought many useful inventions to lig 
Arabs also brought to Europe the knowledge of paper-m 
Chinese had probably been the first to manufacture pape 
it out of the pulp of the mulberry tree. The Arabs had su 
cotton-fibre and introduced paper of this type into 4) 
Europeans adapted flax and rags to its manufacture, a1 
making had become relatively common in Europe by th 
the thirteenth century. In this manner the invention « 
by means of movable type in the middle of the fifteenth cent 
given practical significance through the prior provision 
dant material on which to operate this new technique. 

by no means least important, there should be mentioned th: 
ner’s compass, which is first mentioned by an English mon! 
ander Neckham, at the close of the twelfth century. It 
compass, more than any improvement in ship-building, w! 


14 Sedgwick and Tyler, ‘‘A Short History of Science,’’ pp. 15 
15 E. Thorpe, ‘‘ A History of Chemistry,’’ Vol. I, pp. 28-56. 
16H. A. Maddox, ‘‘Paper: Its History, Sources and Manufactur 
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abled Columbus to execute successfully a trans-Atlantic voyage and 
ae the way for European expansion overseas in the sixteent] 
an seventeenth centuries—a movement fraught with more cons‘ 
: for the history of western civilization than any prior de 


nences 
quences 


velopment in the history of western Europe." 


IV. Tue RENAISSANCE IN INTELLECTUAL History 

A generation ago it was fashionable to assign great importance 
to the Renaissance in the development of modern civilization. In 
the works of the esthete Symonds and the poet Burkhardt one finds 
. general thesis that the Middle Ages were a period of general 
and relatively uniform stagnation, the paralyzing shell or envelope 
of which was burst by the potent forces arising from the new 
appreciation of classical literature and the remarkable develop 
ments of chromatic and plastic art during the two centuries follow- 
ing 1450. The most diverse results of a progressive nature have 
been assigned to such factors and causes, not even excepting the 
rise of modern science, the mastery of oceanic navigation, and the 
rise of the national state system. The results of a generation of 
historical scholarship have been such as totally to dissipate this 
illusion. In the first place, we have learned much more about the 
real nature of the Middle Ages. It has been shown that they can 
not be dealt with as a unified period, there being an enormous gulf 
between the culture of Merovingian France and the Italy of Dante 
It was not an era of uniform cultural stagnation ; particularly from 
the twelfth century onward there was a steady, if gradual, intel- 
lectual and scientific improvement, and the Renaissance, as such, 
did little to stimulate these tendencies in any unique manner. In 
the second place, it has been shown that it is manifestly inaccurate 
and misleading to throw together all the multifarious and diverse 
cultural developments of the period from 1450 to 1700 and assign 
them to the Renaissance. If this term is to have any specific mean- 
ing whatever it must be held to refer to Humanism and the develop- 
ments in art. The latter may be left out of this discussion."® 

As to Humanism it can searcely be proved that the laudable in- 
crease of interest in, and approval of, the literatures of Greece and 
Rome produced any remarkable intellectual revolution, least of all 
any marked impulse to renewed scientific curiosity. The only 
direct contribution which Humanism made to the new science lay 

1* Thorndike, op. cit., Vol. II, pp. 199, 387-388. 

18 J. T. Shotwell, ‘‘ Middle ages’’ in Eleventh Editio1 
Britannica; J. H. Robinson, ‘‘The New History,’’ pp. 15 : 
second edition, Introduction; H. O. Taylor, ‘‘Thought and Exy 
Sixteenth Century,’’ Preface and Chap. 1; K. Brandi, ‘‘ Das 
Renaissance. ’? 


Vol. XVIII.—31 
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in the recovery and reading of some of the writings 
scientists who had far more modern and acceptable 
tific matters than those of most medieval figures. but 
this sort were very few and relatively unimportant 
encyclopedic of all the Greek scientists, Aristotle. ] 
known to the Schoolmen in good translations from t 
the close of the thirteenth century onward.’® The Hu 
much more attracted by rhetorical and mystical pagan 


by the scientific treatises of antiquity. Cicero and 


writers loomed far wider on the horizon than Arist 
medes or Hipparchus. As Professor Robinson has 


The so-called Renaissance offers nothing 
of the twelfth and thirteenth centuries. It is 
fifteenth centuries the Italian towns developed an 
marvelous art different from that which wer 
blinded us to the relatively slight contributions 
To one who is intent upon establishing the cont 
letters, the philosophers, and even the artists of th 
extraordinary intellectual conservatism. They transcended 
ancient superstitions, contributed but little to the knowl 
readily yielded to the fascination of Neo-Platonic 
by Ficino, Pico and Reuchlin. 

As has been said elsewhere, it was quite possibl 
out becoming forthwith Helienic in one’s attitude of 
said that as one’s acquaintance with the Middle Ages, a 
tion of our own time, increases, the Renaissance seems 
shadowy as a distinctive period; and yet many writers 1 
Renaissance were a bright spirit, hovering over Europe, t 
and that painter or architect, and passing by others who w 
left in médieval darkness. 

It is a grave mistake to assume that this renewed interest in 
Roman authors betokened a revival of Hellenism, as has ec 
posed. The libraries described by Vespasiano, a Florentin« 
fifteenth century, indicate the least possible discrimination 
patrons. Ficino, the translator of Plato, was an enthusiast 
and to Pico della Mirandola the Jewish Caballa seemed to 
enlightenment. In short, Plato was as incapable in the fift 
producing an intellectual revolution as Aristotle had bec 
With the exception of Valla, whose critical powers were per! 
lated by acquaintance with the classics, it must be conf 
little in the so-called ‘‘new learning’’ to generate anythin 
of criticism. It is difficult, to be sure, to imagine a Macchiave 
in the thirteenth century, but it is likewise difficult to deter1 
and subtle changes which made them possible at the opening 
and it is reckless to assume that the Humanists were chi 
these changes.2° 


19 E, Emerton, ‘‘ Beginnings of Modern Europe,’’ Chap. ix-x; 
‘*Thought and Expression in the Sixteenth Century,’’ Book I. 
20 J. H. Robinson, ‘‘ The New History,’’ pp. 116-117, 157-158 
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The most significant and potent impulse given by Humanism 
ntellectual and scientific advance was an indirect one, consisting 


. revival of interest in the things of this world. The intellectual 


y 


es among the pagans, by contrast with the Christians, had been 
oad larly little interested in the supernatural world or the destiny 


They were primarily concerned about the most happy, 


r the soul. 
‘oonate and efficient type of life here on earth. Philosophy was 


ssigned to teach how to live successfully rather than how to die 
: th assurance of ultimate safety in the arms of Jesus. This domi- 
ant secular interest had been lost for approximately a millennium 
n account of the Christian absorption in the problems and tech- 

ne of the salvation of immortal souls, and Augustine himself 
d warned against becoming too much engrossed in earthly inter- 
ests Jest assurance of successful entry into the New Jerusalem be 
pardized. As men like Petrarch and his followers and succes- 
rs eame to read more of pagan literature and to approve it heart- 
y, they were inevitably infected with the virus of the secular 
rientation of the Greek and Roman past, and there arose the 


ecommending what was frankly branded by Augustine as an un- 
joubted and integral portion of the City of the Devil.*? Erasmus 
\lmitted that the appellations St. Socrates and St. Cicero were 
neither inaccurate nor inappropriate and sacrilegious. He thus 
openly expressed his preference for pagan writers when compared 
with even the most illustrious Schoolmen :*? 

Whosoever is pious and conduces to good manners ought not to be 

fane. The first place must indeed be given to the authority of the S 
tures; but, nevertheless, I sometimes find things said or written by the ar 

ay, even by the heathens, nay, by the poets themselves, so chastely, so holil 
nd so divinely, that I can not persuade myself but that, when they 

y were divinely inspired, and perheps the spirit of Christ diff 
farther than we imagine; and that there are more saints than we have 
catalogue. To confess freely among friends, I can’t read Cicero on 
Age,’’ on ‘‘ Friendship,’’ his ‘‘Offices,’’ or his ‘‘ Tusculan Questions’’ 
kissing the book, without veneration towards that divine soul. And, 
ntrary, when I read some of our modern authors, treating of politics 

s and ethics, good God! how cold they are in comparison with tl 

w do they seem to be insensible of what they write themselves. 

her lose Seotus and twenty more such as he (fancy twenty 
than one Cicero or Plutarch. Not that I am wholly against 
because, by the reading of the one, I find myself become better 
from the other, I know not how coldly affected to virtue, } 
nelined to eavil and contention. 


That the generation of an interest in the secular world was an 


*1 E. M. Hulme, ‘‘Renaissance and Reformation,’’ Chaps. i-xi; P. Monroe, 
**Textbook in the History of Education. ’’ Chap. vi. 
*2 K. Pearson, ‘‘The Ethic of Free Thought,’’ pp. 165-166. 
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impulse in the direction of scientific curiosity, as compar 
supernaturalism and eschatology of Patristie and Scho] 
tianity, can not be denied, yet it was but a feeble and i: 
which was probably far more than offset by the ant 
dencies of the Humanistic movement in education. T} 
tant and well reflected by the notion that a college student 
in physics, chemistry or biology can make no claim 
education and culture as compared with one who has 
ficiency in wrestling with the ablative absolute, hort 
tive or future periphrastic, and should, accordingly, | 
barism properly stigmatized by the degree of bache! 
It was the mystical and esthetic, rather than the 
rationalistic, attitude which was promoted by the spirit 
ism, and at its very best it could do no more than 
learning of a Sealiger or Casaubon or the broad-mi 
of a Montaigne. Humanism could no more produ 
world than the Greek and Roman culture upon which it 
And, finally, what slight indirect impulse Humani 
given to secular studies and science was obstructed or 
by the revival of supernaturalism and bigotry in th 
Reformation and Counter-Reformation. By the tin 
had recovered from this blow, the explorers and s 
created a new world of fact and ideas quite foreign 
Luther, Baronius and Loyola alike.*® 

The invention of printing, which came as a result 
of Coster and Gutenberg in the period of Humanis: 
important contribution to the ultimate development of 
which is so much a thing of cooperative effort and 
munication as modern science, but here again the ser 
direct and incidental rather than causal. There was 1 
flood of radical or scientific books. The majority of 
printed during the first century or so after Gutenberg 
scientific and critical works but pious religious and 
books, usually a reproduction of those which had app 
centuries before the invention of printing as a result of 
and persistent efforts of medieval copyists in the mo) 
torium. It was not until the sixteenth and seventeent 
that books reflecting the beginnings of the new thought ar 


} 


were printed in any considerable number. Neither did 


make it easier to produce progressive books. The Eur 
ernments made unlicensed printing a serious offense, in s 

23 Preserved Smith, ‘‘ The Age of the Reformation,’’ Cha 
Chaps. ix, xii, xv; E. Feuter, ‘‘L’Histoire de 1]’Historiogra 
Livre I. 
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al crime, and established a thorough censorship of the licensed 
nresses. The precarious nature of the printing profession in re- 
: to the issuance of novel scientific or philosophical works is 


anit 
a caput 


; 
rardl 
aiu 


el] illustrated by Osiander’s famous preface to Copernicus’ work, 
» which Osiander, to protect his press, implied that probably 
Copernicus was only joking. To-day this sort of censorship func- 


tions chiefly as regards text-books.** 


Tue PLACE OF THE REFORMATION IN EvROPEAN INTELLECTUAL 
HIsTory 


y 


Even less than the Renaissance did the Reformation and Coun- 
ter-Reformation directly promote a scientific and critical point of 
jew or encourage interest in mundane and secular affairs 
heen assumed by many that the Renaissance produced the 
mation, but it seems that this is true only in the sense of a som 
what ironical remark once made by Professor Robinson to the effect 
that the mythical Renaissance may have caused the mythical Refor- 
mation. Between Humanism and Protestantism there was little 
real intellectual affinity or genetic relationship, however much there 
may have been of personal identity and interrelationship between 
Humanists and Reformers. If any of the Protestant reformers de 
rived inspiration from the Humanists, it was from the piety and 
Christianity of the scholars and not from their Humanism. If 
Luther was impelled to ecclesiastical and doctrinal reform by his 
study of Erasmus’ writings, it was due to the ideas of Erasmus the 
Christian and not to those of Erasmus the Humanist. The exuber- 
ance of Erasmus over the writings and doctrines of Saint Cicero 
could never have been the starting point for the theological views 
and intellectual attitudes of a Luther, a Calvin, a Knox or a 
Jonathan Edwards. Cicero’s beautiful little motto, which might 
appropriately serve as the starting-point for tolerant thinkers in 
all ages, ‘‘We who search for hypotheses are prepared both to re- 
fute without prejudice and to be contradicted without resentment,”’ 
could hardly have been the fountain-spring from whence Calvin 
derived his canons of hospitality, as exemplified in his treatment of 
Servetus after their little friendly tilt over the nature of the 
Trinity.*® 

The important point is that, strictly speaking, Humanism, on 
the one hand, and Lutheranism and Calvinism, on the other, were 


™ Smith, ‘‘Age of the Reformation,’’ pp. 8-10, 418-424; J. H. Robinson, 
Mind in the Making,’’ pp. 10-11; ‘‘The Humanizing of Knowledge,’’ 
pp. 64-69, 
‘ 237. B. Bury, ** History of the Freedom of Thought,’’ Chap. 
Pearson, ‘‘ Ethie of Free Thought,’’ Chaps. viii-ix. 
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fundamentally divergent and opposed. Humanism \ 
and rather unconscious revolt against the supern 
other-worldliness of Patristie and Scholastic Chr 
Protestant revolt brought with it an all-pervading reyj 
the grosser forms of supernaturalism, diabolism, mira 
witchcraft and a host of other phases of this general . 
plex. Even some of the Protestant protests against . 
toms of alleged worldliness in the Catholic Church of 
fifteenth century may be regarded as of dubious 
viewed from a strictly historical, scientific and secular 
In short, Humanism and the Reformation were highl) 
general cultural orientation and intellectual outlook. 
agree with Erasmus that if Luther hatched the 
(Erasmus) had laid, it was quite a different bird fro 
mus had intended. Professor Preserved Smith’s criti 
Pearson’s lack of superior and definitive erudition on s 
as the Renaissance and Reformation is undoubtedly justi! 
it seems that Pearson stumbled on materials which | 
formulate exactly the correct interpretation of the d 
points of Erasmus and Luther in the famous chapters 
of Free Thought.’’*® 

Some Protestants have taken great pride in the elir 
many alleged idolatrous practices of the Catholi 
effected by the Reformation, but their exultation rests 
foundations. By doing so they enormously weakened t 
power of the church and took from it one of its most 
and appeals in visual and oracular imagery. The 1 
bearing ritual and liturgy of the Catholic church is 
adapted to attracting and holding the mass of faithful 
than the metaphysical dogmatism of Calvin or the s 
emotionalism of our evangelical Protestant cults. The 
classes, who were once attracted by the Calvinistic met 
now generally discarded all types of orthodoxy, and it 
that the heroic evangelistic gymnastics of Billy Sund 
kind are required to fill up the depleted ranks of Prot 
chiefly because of the fatal strategy of the leaders of 
estantism in giving up most of the impressive Cath 
of worship. And no candid critical observer is likel; 


the miracle of the mass and its attendant ritual, or 


Jesus, the Virgin and the Saints, as more or less paga1 
trous than baptism, or various phases of Protestant the 
have a definite Greek basis. Probably no one has more sag 


26 Preserved Smith, ‘‘Erasmus,’’ pp. 433-434; Pears 
‘*The Reformation in its Relation to Modern Thought and C 
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»mmarized the necessary and desirable qualification 


erance over the progressive intellectual tone of 


The defection of the Protestants from the R 
i with any decisive intellectual revision. 
nstantly placed upon the differences between 
by representatives of both parties that the cl] 
yo ) systems, indeed their identity in nine 
us. The early Protestants, of course, : 
le patristic outlook on the world; their 
‘tions of the origin of man, of the 
racles, of heaven and hell, of demons and ans 
Protestants, as to Catholics, he who w 
of the triune God and must be ever on hi 
reason and the innovations suggested by sci 
Melanchton denounced Copernicus in the name of 
lited, with enthusiastic approval, Ptolemy’s astrol 
ind bitter attacks upon reason; in whose eyes he freely 
sitions of Christianity to be absurd. Calvin gloried 
erent moral impotency; and the doctrine of predestinat 
paralyze all human effort. 
The Protestants did not know any more about nature tha 
emies; they were just as completely victimized by the dem 
aft. The Protestant revolt was not begotten of added s 
r did it owe its success to any considerable confidence 
tibbon pointed out, the loss of one conspicuous mystery, th: 


iation--‘‘ was amply compensated by the stupendous doctrin 


mption, faith, grace and predestination’’ which the Prote 
1 the episties of St. Paul. Early Protestantism is, f 


standpoint, essentially a phase of medieval religious history. 


Without attempting in any way to pass judgment upon the 
theological merits or validity of the positions taken by Protestant 
reformers, it may be pointed out that the majority of historians 
have now accepted the view that the great significance of the 
Reformation lay in the political and economic movements asso 
ciated with it, rather than in the purely religious and theological 
problems and issues involved. In line with the suggestions made 
long ago by Sleidanus and Harrington, contemporary writers like 
James Harvey Robinson and Max Weber have shown that the 
most vital phases of the Reformation period were the rise of the 
independent sovereign states and the ideals and practices of the 
modern bourgeois business man, which God was supposed to have 
initiated and to have given his unqualified approval.** 

27 J. H. Robinson, ‘‘ The New History,’’ pp. 117-118 

8 J. H. Robinson, ‘‘The study of the Lutheran revolt, 
torical Review, January, 1903; J. H. Robinson, art 
Eleventh Edition of the Encyclopedia Britannica; M 
tantische Ethik und der Geist des Kapitalismus,’’ in So 
schaft wnd Sozialpolitik, 1905; Smith, ‘‘ Age of the Reformation,’’ Chap. xiv; 


R. H. Tawney, ‘‘ Sixteenth century religious thought,’’ in urnal of Political 
Economy, 1923. 
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Intellectually speaking, the Reformation was most 
backward-looking. Theologically it assumed to go back t. 
tolic age. Luther denounced the universities, designat: 
the devil’s most seductive harlot whose neck faith « 
wring, revelled in devil and miracle-mongering, and w 
important European to condemn the Copernican 
grounds being that the theory was preposterous in th 
fact that ‘‘in the day when Jehovah delivered up the A 
fore the children of Israel Joshua said in the sight of Is: 
stand thou still upon Gibeon,’ and the sun stood still and 1 
stayed until the nation avenged themselves of their ener 
Calvinistic anthropology, with its morbid basis in th¢ 
human treason before God, and his predestinarian th: 
alike intellectually depressing and abhorrent. And no p 
be less sympathetic with science and critical philosop 
fanatic like Knox. Then, the Protestant emphasis on thx 
nature of the Bible was in some ways more dangerous ar 
tive to progressive thought and scientific advance than t 
dogma of an infallible Church which might periodica 
tenets. The Protestants might be more readily forgive: 
Bibliolatry if they had evidenced a major concern with 
ings of Christ, but instead they revived an interest in, and p1 
emphasis on, the Old Testament, with all its savagery and ar 
nisms, which served well as a basis for the Sabbatarian e 
the Puritans.*® 

About the only contribution to intellectual progress w 
be assigned to Protestantism is the indirect aid which it ¢ 
growing difficulty in ecclesiastical repression of th« 
thought and expression. This was foreseen and deplored by Bb 
As he clearly pointed out, once the unity of Christendom 
broken by the Protestants, there was no reason why t! 
should not go on indefinitely and lead to the multiplir 
innumerable Protestant sects, thus making it impossible t 
any unity of doctrine. It was in this matter of rendering e 
tical interference with thought less easy and effective, throug 
moting the disunity of Christian belief and organization, t! 
estantism aided, if at all, in advancing intellectual progress 


minor sense Calvinism, with its emphasis on the God-given calling 
of money-making, may be said to have promoted the foste! 
those phases of applied science that have been closely r 


‘thea 
ill 


modern industry and the practical applications of the ° 
business enterprise.’’*° 
29 Pearson, op. cit., Chap. ix; Smith, ‘‘ Age of the Reformat 
xii-xiii; A. C. MecGiffert, ‘‘ Protestant Thought before Kant,’’ Chaps 
80 Fueter, op. cit., pp. 329-331; E. Gibbon, ‘‘ Decline and Fall : 
Empire,’’ Chap. liv; R. H. Tawney, loc. cit. 
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The reaction of the Protestant revolt on Catholicism was intellee- 
‘ally more disastrous than its effect upon the followers of Luther 
nd Calvin. The cultural degradation which came with the Catholic 
defence-reaction in the Counter-Reformation can best be gauged 
and measured by the contrast between a typical pre-Reformation 
(atholie like Erasmus and the most characteristic figure in Counter 
Reformation Catholicism, Ignatius Loyola. While no movement 
founded by an Erasmus could have produced a Voltaire, as the 
most eursory comparison of the ‘‘ Adages’’ with the ‘* Philosophical 
Dictionary’’ will readily demonstrate, neither would it have natu- 
rally led to the creation of the Jesuit Order. The church had been 
growing more tolerant and more appreciative of secular learning, 
when it was put on the defensive by the Protestant assaults and 
felt it necessary to recover, revivify and defend vigorously mon 
strous dogmas which had been partially allowed to lapse, and to 
defend as grotesque and repellant a supernaturalism as that pro- 
pounded by any Protestant fanatic.** Protestantism and Counter- 
Reformation Catholicism collaborated in producing and enacting 
the most degrading and depressing drama in the history of western 
vilization—the witchcraft mania and delusion of the sixteenth 
and seventeenth centuries. It is a pleasant task to turn from this 
abysmal culmination of the revival of supernaturalism in early 
modern times to the parallel and synchronous achievements of the 


scientists who were discovering a new heaven and a new earth.*” 
VI. Tue Discovery oF THE New HEAVENS AND THE NEw EARTH 


If neither the Renaissance nor the Reformation can well be 
regarded as forward-looking or progressive movements which 
notably aided in producing the modern scientific and critical out- 
look, the adequate and potent causes for the origins of modern 
times can be located in the rise of modern science and the expansion 
of Europe overseas, with the many and varied results which came 
from this process.** 

It is futile to attempt to discover or assign any specific cause 
for the rise of modern science; in fact, it is probably inaccurate to 
use that term, for modern science was not a sudden development 
but a gradual growth from the time of Gerbert onward. The new 
knowledge from the east, the new intellectual life promoted by 

*! Smith, ‘‘ Age of the Reformation,’’ Chap. viii. 

*? Smith, op. cit., pp. 651-661; W. E. H. Lecky, ‘‘The Rise and Influence 
of Rationalism in Europe,’’ Chap. i; C. Singer, <li es in the History and 


Methods of Science, edt * pp- 189- 224; J. M. Robertson, ‘‘A Short History of 
Free Thought. ’’ 


*8 J. R. Seeley, ‘“The Expansion of England,’’ Book I, Lecture v. 
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the rise of the towns and universities, the overseas expl 
discoveries, and the cumulative ferment and knowledge 
sources, all combined to bring about the remarkable 
scientific activity and achievement of the sixteenth and 
centuries. In general, the whole movement was, consci 
consciously, a revolt against the deductive method a: 
objective of Scholasticism—a conviction that the new 
knowledge was to be found through an observation of nat 
that in this procedure the Scholastic technique was impotent 
as Bacon himself expressed it, ‘‘ Nature is more subtle 
argument. ’”** 

Perhaps one major reason why the first remarkabl 


early modern science were so impressive was the fact 


directed towards a majestic and imposing problem and 
an investigation of the nature and movement of 
bodies. Few would claim that Kepler and Galileo 
scientists than Huygens and Leeuwenhoek, but the 
labors was one designed to give their results a m 
interest and widespread wonder and admiration. It 
remembered, of course, that while the Schoolmen had 
and Dante had immortalized it in his Commedia, the cos 
the early sixteenth century was not a Christian but 
product. The Scriptural cosmology was one which rep: 
the earth as a minute slab of earth and water support: 
void and lighted with heavenly bodies of varied car 
which studded the canopy of the heavens at no gr 
from the earth—a system similar to that to-day taught 
schools of Zion City where Voliva gives proof of greater 
literalness and piety than was exhibited by the learn 
and the poet Dante. One is moved to an ironical smil 
contemplates the fear of Copernicus, the persecution 
and the martyrdom of Bruno at the hands of Christians { 
ing a wholly pagan cosmology and theory of celestia 

Copernicus did little to modify the Hellenic celestial 
which had been accepted by Christendom beyond excha 
positions of the sum and the earth in the vast and c¢ 
arrangement of fixed crystalline spheres, thus transfor 
a geocentric to a heliocentric system. But Giordano 
ceived clearly the implications of the shift from a ge 
heliocentric universe and set them forth with impre 
and comprehensiveness. Among his hypotheses damaging 

84 Smith, op. cit., pp. 609-624; C. Seignobos, ‘‘ History M 
Modern Civilization,’’ Chap. xvii. 

85 Singer, op. cit., Vol. I, p. 31. 
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Jogy of the Christian Epic were such things as the 


o of the universe, the lack of finite limitations on, o1 

the universe, the fallacy of the doctrine of the 

stalline spheres, with the substitute conception of 
notion of the heavenly bodies in space, the relativity of space, t 
ail motion, the ever-changing positions and relations of 
heavenly bodies, the similarity or identity of the constituent ma 
terials in the heavenly and earthly bodies, and, above all, the par- 
ularly disconcerting concept of the plurality of worlds. When 
to these challenging innovations in cosmic philosophy was added 
a tendency towards the popularization of such doctrines it is not 
hard to understand why the Catholic church of the post Counter 
Reformation type interfered and arranged the speedy translation 
of Bruno. Most of his views were at the time pure guess-work, but 
ill have been confirmed by the subsequent developments of celestial 

anies and astrophysics and chemistry 

The succession of figures who laid the definitive basis for the 
celestial mechanics which held the field largely unchallenged until 
the era of Einstein consists of Tycho Brahe, Kepler, Galileo and 
Newton. Tycho Brahe, quite in the spirit of old Hipparchus, ear- 
ried on a careful study of the heavens and gathered concrete data 
of great value for later theorists. The first of these was his assist 
ant, Johannes Kepler, who showed that the planets moved in 
elliptical paths rather than circular, that they travelled most 
rapidly when nearest the sun, and that there was a fixed relation 
between the cubes of their distance from the sun and the squares 
of their times of revolution. Galileo founded dynamic mechanics 
by his famous law of falling bodies, which he arrived at as a result 
of a classic example of experimental science, an achievement so 
significant that Bergson is said to have remarked that modern 
science came down from Heaven along Galileg’s incline-plane. 
Isaac Newton, a half century after Bacon’s age, combined Kepler’s 
third law with Galileo’s law of falling-bodies in his famous law 
of inverse squares or universal gravitation, which was not only the 
crowning achievement of seventeenth century science, but the in 
spiration for much of the liberal philosophy and theology of the 
eighteenth century. The old heavens, not merely of Genesis and 
the astrologers, but of Aristotle and Ptolemy, had been wiped away 
and a new cosmos of infinite expanse and complexity had been 
substituted, and it is very curious that pious theologians have not 
understood that this new astronomy was far more of a challenge 


to the fundamental tenets of the Christian Epic than the Darwinian 
86 G, Forbes, ‘‘A History of Astronon i 9: D. Stimson, ‘* The 


Gradual Acceptance of the Copernican Theory of the Universe’’; W. Boulting, 
**Giordano Bruno.’? 
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theory of evolution.** The remarkable development of 
the seventeenth century, which has been so well described 
fessor Shipley, came for the most part after Bacon | 
gathered to his fathers, but the stage was set for it by the 
ments and impulse of Kepler and Galileo, of which it was 
outgrowth.** 

Even more significant in creating the modern ag 
varied cultural results of the expansion of European 
overseas and the reaction of this process upon Europea: 
institutions. Cultural historians and anthropologists 
recognized that the contact of cultures is far and away 
potent force in breaking down cultural stagnation and 
ism—in other words, the most dynamie factor in history 
important progressive force had earlier manifested its 
the period of the Crusades with certain results noted abov: 
not failed to maintain itself as an important factor in | 
history from that time onward, but the era of its great: 
followed the successful -voyages of Columbus and Vasco « 
The elucidation of this set of historic influences, whic! 
the work of historians from Raynal to W. R. Shepherd 
probably the most important contribution which histor 
made to the subject of the setting of the work of bot 
Bacon and early modern scientists.*® 

First and foremost among the forces and impulses co! 
European expansion should be put the general disinteg: 
the medieval and feudal system, and the substitution 
ally novel social and political system, in short, the actu 
formation of the whole face of European civilization th 
stimulation of the spirit of adventure, scientific curio 
knowledge, the rise of world commerce and large scale ov 
onization, modern capitalism and capitalistic institutions 
crease of urban life, the rise of the middle class, and the 
extinction of the feudal system to be supplanted by the 
state, first on a dynastic and absolutistice basis, and later ot 


resentative and parliamentary foundation. In cooperat 

87 Sedgwick and Tyler, op. cit., Chap. x; H. Héffding, ‘‘ Hist 
Philosophy,’’ Vol. I, pp. 103-183; H. O. Taylor, ‘‘Thought and Ex; 
the Sixteenth Century,’’ Vol. II, Chap. xxiii; A. D. White, ‘‘ 
Warfare of Science and Theology,’’ Vol. I, Chaps. iii—iv. 

88 Sedgwick and Tyler, op. cit., Chaps. xi-xiii; A. E. Sl 
vival of Science in the Seventeenth Century.’’ 

39 W. R. Shepherd, ‘‘The expansion of Europe,’’ in Polit 
Quarterly, 1919; and Unpublished Lectures on the Expansion of Eur 
Abbott, ‘‘The Expansion of Europe’’; E. Feuter, op. cit., pp. 56! 
449, 475-483. 
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the Protestant Ethik it altered the attitude of religion towards eco 


nomie practices by eliminating the social point of view and stressing 
the sanction and approval of God for the ultra-individualism of 


modern capitalism, with its emphasis upon pecuniary profit as th 
most pleasing of all achievements in the sight of God. It was this 


creat series of interrelated transformations that laid the basis for 
the Industrial Revolution and the exploitation of modern sciences 
and technology which has produced contemporary civilization.‘ 

In its specific contributions to science the expansion of Europe 
was by no means unimportant or negligible. Most directly influ 
enced was the science of navigation, with its accessory sciences of 
mathematics, engineering and optics. The explorations and dis 


coveries not only enormously increased the concrete geographic 


+ 


information of every type, but stimulated scientific cartography 
upon the basis of determinable latitude and longitude. Astronomy) 
was enriched by the discovery and observation of constellations in 
the southern hemisphere, and by the scrutiny of hitherto known 
heavenly bodies from new positions on the earth’s surface. Addi 

ons were made to chemical knowledge by the discovery in oversea 
areas of rocks and minerals of new and significant types. Botany, 
the materia medica and zoology were remarkably aided and ad 
vanced by the great variety and number of newly discovered forms 
of plant and animal life. And a strong if not adequate stimulus 
was given to the movement which ultimately founded the science 
of man or anthropology through the contact with a large number 
of new racial and sub-racial types in widely different degrees of cul 
tural development. With the equally marked influence of the r 
sults of the expansion of Europe on art, literature and currents of 
thought this is not the place to deal. It is worth pointing out, 
however, that it did much to stimulate that appreciation of diversit) 
and relativity which loomed large in Baconian thought as com 
pared with that of Aquinas. It is evident that this movement, as a 
whole, produced a new earth in two important senses; in the first 
place, by discovering the western and southern hemispheres, and, 
in the second place, by changing the cultural complexion of the 
world that had been known before 1500. It is doubly significant for 
the scientist, in that it not only stimulated many phases of modern 
science, but also did much to create that contemporary intellectual, 
economie and social world in which present-day science can fune 
tion.*? 

40 A. F. Pollard, ‘‘ Factors in Modern History’’; 

ern Civilization,’’ Vol. II; J. E. Gillespie, ‘‘ The Influence: 

on England’’; C. J. H. Hayes, ‘‘Political and 

Europe,’’ Vol. I; Tawney, loc. cit.; W. J. Ashley, ‘‘ 

land,’’ Vol. II, pp. 456 ff. 

41E. R. Turner, **Europe, 1450-1789,’’ Chaps 

Chaps. viii-ix; T. Veblen, ‘‘The Place of Science in 
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Such, then, was the world into which Bacon was bo; 
the possible exception of the fifty years from 1875 to 19° 
has not been a more interesting or crucial period than th: 
tury from 1575 to 1625, in which Bacon passed th. 
period of his life. It was the era which carried nat 
from Copernicus and Vesalius to Galileo, Napier and Ha 
prepared the way for the magnificent achievements in t! 
century associated with such names as Newton, Huy: 
merdam, Boyle, Leibnitz and their contemporaries. In his 
ditions at large the first permanent settlements were 
in the New World and the stage was set for those intera 
tween the Old and New World that have been a leading 
both cultural and political history from that day to t] 
in a humble but fitting way represented by this oceasio1 

As to the problem of Bacon’s place in the civilizat 
and the degree to which he showed himself aware or 
of the scientific methods and achievements of his ag 
ters which may be left to the more competent and bette: 
authorities who will follow me on this program. On 1 
are the extreme partisans of Bacon who look upon him 
founder of the inductive and experimental method, w! 
have been the point of departure for all the subsequent 
the scientific field. On the other side are John William D 
others who take his position, namely, that Bacon was a c¢!} 
latan who was neither able to make any contributions 
himself nor to appreciate the work of contemporary s 
Obviously, the truth falls somewhere between these two ext 
It is well known that Bacon failed to appreciate the wo1 
like Copernicus and Galileo, he certainly was not great 
eal scientist, and it is doubtful if he ever had much dir 


crete influence upon specific scientists in their laboratory 
vational work, beyond the fact that his ‘‘New Atlantis’’ v 
model on which the Royal Society was constructed. At t! 
time, he rendered a great service in putting his matchless 1 
at the service of the inductive and experimental method, 
giving the newer method of approaching the problems of ki 
some general currency among educated classes. To fix in t 


+} 


of the intellectual class of his age the fundamental thesis 
ture is more subtle than any argument,’’ thereby branding 
time as inadequate the Aristotelian technique which had be: 
orated and relied upon by the Schoolmen, was a real cont! 
As deadly as his attack upon the dialectical technique 
medievals was his assault upon the subservience of the 


42 F, 8. Marvin, ‘‘The Living Past,’’ Chap. viii. 
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thority and tradition. By showing that, all other things b 
| every generation is manifestly wiser than its predecessor 
the eultural heritage is concerned, and by representing 
ehronistie authority as the most likely and prevalent form of 
tanie manifestation, he showed faith and credulity to be even 
trustworthy than ‘‘reason.’’** 


So. it seems to me, that we shall go far astray we seck 
the Einstein, the Karl Pearson, the J. Art t} 
soreson or the John Dewey of the first quarter o 

century, but I believe that we shall be on the rig! a 
attempt to see in him the James Harvey Robinson of his : 
his effort to create a respect for critical and 


sing and to improve the lot of mankind th 
most potent worker of his age in the cause of 


sclientine 
crea 
n the process of the making of our minds and i 
knowledge. Mr. Taylor has briefly but 
Bacon’s contribution, when viewed from thi 


till 


CiCa 


He was a great influence in his time and aft 


He urged them to study nature and make 


and likewise to practical purposes. With 
bservience to authority; in language ar 
he showed the Idola, the fetishes, the aberrances a 


igainst subs 


1 ime 


nd pi 
set forth a method of induction which, whether pra 


nd to guard men against rashly drawn conclusions. 
tual enthusiasm, he urged men on, proclaiming 


wers of the mind for the attainment of serviceal 


43 See the judicious summary in Taylor, op. cit., Vol. IT, 
44 Taylor, op. cit., Vol. II, p. 372 


Ole. For Bacon’s inte 


p. 101. 


tual history, see Robinson, ‘‘ The New History,’’ 
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ENDOWMENT, MATURITY AND TRAINING As 
FACTORS IN INTELLIGENCE SCORES 


By Dr. GUY M. WHIPPLE 


PROFESSOR OF EXPERIMENTAL EDUCATION, SCHOOI 
UNIVERSITY OF MICHIGAN 


As my hearers well know, the past few years have | 
unusual interest not only on the part of psychologists 
sators but also on the part of sociologists, publicists and 1 
informed laymen as well, in the theory lying behind t 
tion of intelligence tests and more particularly in the int 
of the results secured by their use. An excellent illustrat 
unusual interest is afforded by the controversy precipit 
Lippmann ’s series of articles in the New Republic and | 
ley’s address at Chicago before the Society of Colleg 
Education—which has led to pronouncements by Dr 
Yerkes, Dr. Thorndike, and to which the present speak« 
length in his address as retiring vice-president of Sect 
Boston meeting of this association. The fact that 


ately concerned in the construction and use of intelliger 
fully alive to the problems raised and the difficulties present 
field is also well attested by the tone and spirit of the seri: 
by Thorndike, Colvin, Pintner, Miller, Trabue, Rugg 
in the Twenty-First Yearbook of the National Society { 

of Education on ‘‘The general principles of intelligen 


their administrative use,’’ issued.in 1922. The ready sal 
volume and of similar treatises on intelligence-tests and 1 
cations shows the interest of schoolmen in the topic, and t 
and controversial reviews that have appeared of suc! 
tions of intelligence testing as Goddard’s ‘‘ Human Eff 
Levels of Intelligence’’ and Brigham’s ‘‘A Study of 
Intelligence’’ show the concern that is felt by many tl 
writers in the implications of the movement in question 

I take it that the papers read to-day have been asked 
of the situation just described. It is felt that it would b 
psychologists to review here certain of the more techn 
that have risen and to indicate, if possible, the natur 
ultimate solution. 

Before stating what seem to me to be the issues of sp 

1 Read before Section I, American Association for the Ad 
Science, Cincinnati, December, 1923. 
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rtance in connection with the topic assigned, I would like to 

te a sort of Credo which, I think, will contain a series of beliefs 
to which practically all of us are willing to subseribe. Dr. Freeman 
has done the same sort of thing in his ‘‘Referendum of psycholo- 
| in the December, 1923, issue of the Century Magazine. 
Perhaps I may be pardoned for paraphrasing some of Dr. Free- 
man’s statements in view of the fact that I was one of those whose 


TS 


ews were solicited for his referendum. 
1) I believe that, while definitions of general intelligence given 
the devisers of tests vary in detail (see the symposium on ** In- 


tellieence and its measurement’’ in the Journal of Educational Psy- 
logy, Mareh and April, 1921), they may be substantially brought 


no 


into agreement with the phrase: ‘‘ability to learn,’’ ‘‘to profit by 
experience’’—not merely to learn in the sense of memorizing, then. 


but ability to assimilate, to coordinate and subordinate items of 
fact, to appraise them and utilize them in further thinking, espe- 
cially in prevision, in anticipating the outcomes of situations, both 
real and imaginary. 

(2) T believe that there would be substantial agreement, fur- 
thermore, that the forms of intelligence tests now commonly in use 
put special stress upon that phase of learning that deals with verbal 
content, with the more abstract, as distinguished from the concrete 
aspects, of learning; in short, with that aspect of learning that is 
of primary importance for success in the school. 

(3) I believe that intelligence tests as now constructed and 
operated form the best single device that we possess for measuring 
this aspect of intelligence. They have gained the highly important 
pragmatic sanction that they work. Properly administered and 
interpreted, they provide a prediction of school success which ex- 
ceeds in validity such other predictive criteria as school marks, 
teachers’ estimates, previous school history, and the like. 

(4) I believe that one of the main reasons why this high degree 
of practical serviceability has been attained is the fact that the 
makers of the tests have proceeded methodically; that they have 
invariably sought to standardize their instructions, their material 
and their statistical methods of handling the results 

(5) I believe that no intelligence tester can lay claim, and so 
far as I know, none has laid claim, to measure all the significant 
elements of the individual personality. Every maker of tests will 
agree that conative and emotional aspects of mental activity which 
are of the greatest significance for daily life remain practically un- 
touched by the stock intelligence tests, and will agree that special 
forms of mental tests which will yield information concerning these 
other aspects of personality are greatly to be desired. 

Vol. XVIII.—32 
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(6) More than this, I believe that no intelligence testo 
laid claim even to measure all the significant aspects of inte] 
endowment in the individual personality. For example, 1 
special aptitudes, like the aptitude for music, for mechanic 
suits, for drawing, for dramatics, for appreciating and m 
social situations of all sorts, are untouched. We do not eve 
by the general intelligence test any adequate and thoro 
measure of any single aspect of that intelligence: we do not 
instance, secure a complete inventory of the subject’s reprod 


or recognitory memory, of his range of apprehension in 
possible modalities, of his discriminative sensitivity, of his e 


for continuous constructive thinking on a complex topi 
sanity of judgment when issues are complex or clouded by 
partisanship. 

(7) I believe that every maker of tests of general inte] 
readily admits that he measures that capacity indirectly. 
to determine the individual’s intrinsic capacity by the effi 
displays in the intellectual performances we demand 
short, we estimate what he could do by what he does do 

(8) I believe we all agree that what the examinee does d 
given test is obviously a net resultant of several factors, 
which may be mentioned his attitude toward the examiner 
toward the examination, his zeal, his general physical condit 
native intellectual capacity, his stage of maturity, and the ext 
and character of his training (including the sum of the envi! 
mental forces that have contributed to the making of his ger 
mental equipment, and more especially those aspects of | 
ing equipment that the particular tasks of the particular ex 
tion bring into play). 

(9) I believe that the extent to which test results are \ 
by the first few of these factors—the examinee’s attitude t 
the examination, his zeal and his general physical condit 
usually much exaggerated in the popular mind. Experience s 
that a skilful examiner can almost always secure proper cooperat 
and the output of a reasonable amount of zealous effort. Experict 
also shows that general physical condition plays comparativ: 
little part in determining such wide differences of score as ar 
ally obtained in most comparative tests. 

These nine statements of my Credo, then, represent © 
believe are nine points of agreement concerning the theory of 
telligence testing. I pass now to more debatable issues, t 
concerned with the extent to which the remaining factors contr! 
to the typical intelligence test score. I shall leave out of consider 
tion the factor race and for the moment the factor sex and shall 
make use especially of three terms to describe the other facto! 
under discussion—namely, endowment, maturity and training. 
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DEFINITIONS OF THE Factors ENDOWMENT, MATURITY AND 
TRAINING 

By endowment I shall mean the innate, constitutional quantum 
of general intellectual capacity. This I conceive to be substantially 
civen at birth by inheritance. It is the distinguishing element of 
-ntellectual efficiency, the factor that makes the individual different 
fundamentally from other individuals in intellectual grasp. 
Whether it is biologically a unit character or the resultant of 


numerous unit characters is not pertinent to this discussion. The 


extremes of this quantum are typified in the idiot and in the highly 
cifted (or perhaps in the genius). 

By maturity I shall mean that stage of development, that degree 
of unfolding, of this constitutional intellectual endowment which 
has been attained by virtue of the ripening of the individual’s 
general mental efficiency brought about by the mere passage of 
time. If we could conceive of a given child at two years of age who 
then proceeded to live for one year without the slightest contact 
with the environment, the alteration in his mentality that would 
have taken place by the end of that year would be the effect of the 
factor maturity operating alone. 

By training I shall mean the sum total of the effects upon the 
intellectual operations of the individual of any and all sorts of 
external or environmental influences—the casual stimuli of daily 
life, the formal processes of education in the school, the effects of 
illnesses—all that we commonly think of as the effects of the 
environment. 

With these explanations of terms before us, the immediate prob- 
lem may be stated thus: Is it possible by means of our intelligence 
tests to arrive at a reasonably satisfactory appraisal of endowment, 
uncomplicated by maturity or by training? Or, in other words: 
Can we know the relative part played by endowment, by maturity 
and by training in the scores of our tests? 


THe Factor Maturity 

Certain things can surely be agreed upon at once with respect to 
maturity. For instance: 

(1) We never actually arrive at an indication of an endowment 
which is not that endowment as presented at a given maturity and 
as influenced by a given amount of training. 

(2) There is some evidence that in the case of individual chil- 
dren chronological age might well be replaced by physiological age 
as an index of maturity. Investigators like Dr. B. T. Baldwin, who 
have studied this matter more fully, recommend, as I understand 
it, that this substitution be made. It may be that in time we shall 
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have criteria of physiological age that are so reliable and 
determined that this age will become commonly accept 
index of maturity. 

(3) One obvious illustration of divergence of physiol: 
chronological age (and therefore of the difficulty of 
maturity) lies in the sex differences characteristic 
adolescent period. It is known to every one that girls as 
mature physiologically earlier than do boys as a grou) 
that I am now making of thousands of scores of the N 
telligence tests show that the average scores of girls 
average scores of boys at the age of 11 years by almost 
year. Incomplete data on other years appear to indicat 
sex difference is less at earlier ages but augments at al 
12 years—which is, after all, what we should expect fro: 
with other forms of mental and physical tests. As 
known, the scores of postpubescents in the Army Alp] 
higher for males than for females. Even if, as some cont 
content of the Army Alpha favors males, it is doubtfu 
this favoring can be so great in amount as to bring the s 
properly discounted for this alleged fault of construct 
point where females excel males so greatly as they do in t 
period of adolescence. 

Consequently, concealed in these sex differences, we rea 
as I said, a good demonstration of the operation of phys 
maturity as a factor in intelligence scores. We are not 
mean, in assuming that the National Intelligence score of 
old postpubescent girl which is 10 points higher than 
12-year-old prepubescent boy indicates a superior end 
the girl. The two children might well have the same end 


7 


well as the same chronological age. 

(4) Disregarding these irrelevancies introduced int 
ical age by the complication of physiological age when t! 
not in step-by-step correspondence, the present method 
nating the factor maturity by such devices as mental ag 
gence quotients, age norms and age percentiles seem to m 
demonstrated their effectiveness by the results of repeat 
nations of the same individuals; in other words, it seems | 
the constancy of the 1.Q. is substantially all that could 
for practical purposes. 

(5) A problem of serious theoretical and considerab! 
import appears when we seek to answer the question: 
chronological age does maturity cease to operate as a 
other words, what is the normal adult mental age limit’ 
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ives of controversial matter have appeared on this issue. I have 
intent to summarize them here. I would merely give my opinion 
that much of the difficulty into which psychologists have been 
lunged by the attempt to reconcile Binet scores and Army Alpha 


n 
T 
ii 


I 


seores and tests of children and tests of adults lies in the funda- 
mental difficulty of comparing directly the scores of school children 
and of adults on tests devised primarily for children alone or 
primarily for adults alone. Dr. Freeman (Jour. of Educ. Research, 
December, 1922) very properly says that we can not assume ‘‘that 
the 
vears, who has done very little reading and has been provided very 


average man, who has been out of school for from five to ten 


meager intellectual stimulus, will do as well on a test standardized 
on school children as he would have done while he was in school.’’ 
In the terminology I have been using, then, the elimination or the 
neasuring of the influence of maturity as a factor is, in the ease 
of those who have left school for some time, complicated by our 
third factor, that of training. What we need to settle this par 
ticular matter conclusively are retests after the lapse of several 
years with no further formal education on adults who have previ- 
ously been tested while in school. I am hoping to institute an in- 
vestigation of this sort shortly. 

Three observations may be made at this point, however, that 
shed, I think, a little light on this problem of the relation of test 
scores to maturity. 

First: In the Merrill-Palmer Nursery School operated at 
Detroit, where the psychological work is directed by Dr. Helen 
Woolley, the children, most of whom enter the school between the 
ages of two and five, are given a Binet test on or before entrance 
and are retested one or more times thereafter. A study of the I.Q.’s 
shows that, with a few exceptions, there is a marked rise in these 
[.Q.’s after six months or more attendance in the school. The ques- 
tion at once arises: Is the alteration here due to shifting of endow- 
ment or of training (or, perhaps, even in an acceleration of the nor- 
mal rate of maturity)? Personally, I hesitate to believe that Mrs. 
Woolley and her colleagues have discovered a new method of height- 
ening the I.Q. It seems to me entirely to be expected that the 
acquaintance with numbers, days of the month, colors and all the 
other materials and facts that are bound to be presented, even in 
the simple and informal training of a nursery school, has produced 
a temporary artificial augmentation of apparent mental age. Fur- 
ther retests, after these children have settled down in the earlier 
grades of the primary school, will, I venture to predict, confirm 
this interpretation. Here, then, is an instance in the lower age 
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levels of the complication by special training of the n 
of maturity upon intelligence scores.” 

A second observation: In comparing the scores mad 
students and senior high school students in educational! 
psychological tests, I have been struck with the divergene 
these two types of scores. Thus, at the University of 
scores made by juniors and seniors in the lowa High Se} 
tent Examination (which deals exclusively with factual] 
tion in literature, rhetoric, mathematics, the sciences. hj 
civics) show a marked advance over the scores obtain 
school seniors or university freshmen in the same test 
other hand, the scores made by the same juniors and se) 
Brown University psychological examination differ on] 
from the scores of university freshmen in that test. F, 
draw the inference that the Brown examination is 


successful in measuring endowment, uncomplicated by trai) 


further that the pure maturity effect of the nearly 
tween approximately the ages of 17 and 21 is relative! 
partly because some portion of the slight improvement 
tween the freshman and the senior year must be discount: 
to college training and also to the operation of eliminat 

A third observation: I made a special attempt recent 
satisfactory data on the National Intelligence tests for 
beyond the elementary-school period. In one Michigan 
possible to test every 14-year-old and every 15-year-old ¢| 
average scores for 14 and 15 years were 139 and 142, r 
i.e., the performances in these two ages were practically 
guishable. 
ginning at the step from 8 to 9 years, are 15, 15, 17, 16 
This seems to confirm very definitely the idea that on th: 
about 141% years maturity ceases to be a factor at least 


these tests are concerned. 


2 Another explanation is conceivable. Possibly, under som« 
(as, for instance, when systematic training is given in the plast 
of childhood) special training may for a time accelerate th 
maturity. That is, maturity, as we have defined it, brings al 
ripening of intellectual efficiency, regardless of training, but t! 
conceivably be hastened by certain types of training given 
This hastening of maturity would be an indirect effect add 
augmentation of efficiency produced by the training. For exa1 
tation to a three-year-old child of numerous stimuli, skilfully ass 
form of educative plays and games, might stimulate in him certau 
associating, comparing and deliberating that would not have e 
natural course of his internal development until a year or so later. 


1° 
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Tue Factor TRAINING 


In discussing the factor maturity we have already found occa- 
sion for mentioning the participation of the factor training. A 


few words more about this factor. 

The disentangling of training from endowment is in some re- 
spects more difficult than the disentangling of maturity. Our usual 
procedure in interpreting intelligence tests is, of course, to assume 
that, other conditions being the same (especially extent of oppor- 
tunity or amount of exposure to schooling) differences in the test 
scores of persons of the same maturity are fairly direct indications 
of differences of endowment. As I said before, we judge what the 
individual ean do by what he does do. I believe that most investi- 
gators will agree to this interpretation, though they may not agree 
as to the exact precision with which performance is thus indicative 
of endowment. 

The real divergence of opinion doubtless lies in the question: 
How often may we regard these ‘‘other conditions’’ as ‘‘being the 
same’’? In such eases as the children in the nursery school who 
had two or three years of more or less systematic arrangement of 
their environment during what is ordinarily the pre-school age, 
it is perfectly evident that other conditions are not the same, that 
we can not then argue safely from intelligence score to native 
capacity. 

In many other cases in which the actual educational environ- 
ment has been diverse, we are, I believe, often at a loss to determine 
how much to discount for the superior environment, for the par- 
ticular reason that endowment is itself a factor that conditions 
environment. It has been fairly well demonstrated, I mean, that 
heredity to some extent makes its own environment. Karl Pearson, 
for example, from his studies of heredity, is very emphatic in his 
assertion that differences of stock condition differences of environ- 
ment. Families of superior intellectual endowment are never con- 
tent with an inferior intellectual environment. The fact that such 
families struggle for, and usually gain, an intellectual environment 
satisfying their felt needs certainly influences their children through 
the factor of earlier, more extensive and qualitatively better train- 
ing. Some considerable part, therefore, of the better scores made 
by these children which are immediately attributable to their supe- 
rior training must, after all, be ultimately ascribed to their better 
endowment. 

To take a concrete illustration of these complexities: a certain 
boy, now 9 years old and just completing the fourth grade, has an 
LQ. in the neighborhood of 140. He is at least one grade peda- 
gogically accelerated when his school grade is compared with his 
age. On looking over his school history, however, we find that he 
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did not enter school until over 7 years of age, so that, whe; 
ance is made for this late entrance, he really is two years or ; 
pedagogically accelerated. From this point of view his op; 
nities for training have been less than those of a standard 
so that his school performance is all the more remarkable 
back a little, we discover that he learned to read spontane 
about the age of three and one half years. At this time } 

of his own accord to pick out simple words on the typ 
When he entered school at 7, he chanced to try the Bue 
Ayres spelling scale and scored ‘‘eighth grade’’ in spell 
Now, how is this performance to be interpreted? Strictly 
for a boy with substantially no public school training to att 
eighth-grade performance means, when proper allowanc 
for the lack of maturity and training, that his intrinsic 
in spelling ought to be regarded as nearer, let us say, that 
twelfth grade. In other words, the attainment of an eig 
score while in the second grade means really better than « 
ability. But, it will be objected, this boy had been playing 
typewriter for several years, hence his early training and w 
home influences have really accounted for his performan 
answer to this objection is that the fact that the boy had 
opportunities set before him is one of the products of the su 
intellectual endowment of his parents (presumptively transn 
to the boy), and the further fact that he profited by the op; 
ties set before him is one of the products of his own superior 
lectual endowment, so that, on both counts, the attainment, « 
the fact that it sprang from unusual environmental opport 
merely reflects and measures superior endowment. 

Further examples of this reciprocal interaction of end 
and training lie at hand in various quarters. Thus, the 
college students, in overwhelming numbers (about 90 p 
score ‘‘A’’ or ‘‘B’’ grades (very superior or superior) in th 
Alpha test is, in my judgment, a demonstration of the selectiy 
fluence of the college and not a demonstration of the training « 
of higher education. Mention need be made only of the s 
difficulty encountered by ‘‘C plus’’ and ‘‘C’’ grade student: 
their attempts to assimilate a college training. 


The same conclusion—that intelligence tests, other things b 


approximately equal, are conditioned mainly by hereditary e1 
ment—can be illustrated by reference to the correlations obt 
between test scores and school performance. I am indebt 
Dean 8. A. Courtis, of the Detroit Teachers College, for the f 
ing illustration. When the scores in a composite intelligenc: 
(National Intelligence test and Detroit Army Alpha) are com) 


with the school marks (composite of reading, writing, arit 
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pelling and English) the correlation for a group of a given school 
erade of all ages, both sexes, and mixed previous training is about 
040. If the group is rearranged to cancel the factor maturity (by 


taking only 11-year-old pupils, though of different grades) and to 


eancel the factor sex (by taking only boys), the correlation rises 
to 0.60. When the group is further rearranged also to cancel 
approximately the difference in the value of the school marks from 
grade to grade, the correlation rises to 0.70. In short, endowment 
is seen to be the most important single factor, and it is not unreason 
able to suppose that if other factors, like emotional reaction, zeal, 
effort, motor ability, and the like, could be held constant, and if the 
reliability of the school marks could be brought to perfection, the 
correlation between score and the factor endowment would also 
approximate perfection. 

It might be added that a particular reason why endowment is, 
in practice, the most important factor to determine is that it is the 
one factor that we can not control in our educative process 
Maturity we can not directly control, either, but we invariably take 
account of it in our educational plans. Training we must seek to 
control to the best of our ability, given the endowment and picking 


the appropriate stage of maturity so far as is feasible. 


ENDOWMENT, Maturity AND TRAINING TESTS 

If this approximation toward a perfect correlation between 
intelligence score and the outside criterion of intelligence were 
found to be only partial, we might do well to examine our tests 
themselves in order to discover whether we had failed to construct 
them properly. I mean that we may firmly believe that theoreti 
cally endowment is a primary element in intellectual success but yet 
admit that our present tests may not, after all, measure this endow- 
ment adequately. Such a situation would exist, for instance, if in 
the composite of tasks which makes up our present intelligence 
examinations there are to be found certain tasks, certain individual 
tests, which are really little affected by endowment, though possibly 
considerably affected by maturity or by training. 

In the second edition of his Vorlesungen Meumann published a 
proposed new system of tests wherein ten tests were assigned to each 
age-level and wherein these ten tests were so classified that they 
served as endowment, maturity and training tests, respectively. 
The actual plan proposed by Meumann was not practicable, nor did 
he give us any satisfactory reasons for assigning the various tests 
to the three classifications, yet the proposal raises the interesting 
question as to whether or not such a three-fold division is theoret- 
ically possible or desirable. 
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In the first place, it is questionable whether tests that 
and-out training tests should have any place in an intellic: 
amination at all. It is quite true that certain tests t} 
viously measures of degree of competence in certain scho 
have found a prominent place in intelligence tests; near]; 
telligence tests, for instance, designed for application in the : 
grades above the third have included arithmetical comput 
arithmetical problems. Nevertheless, the intent has not 
measure knowledge of arithmetic or skill in the fund 


processes as such (for these purposes we employ spe 


I 
metical tests), but to measure intrinsic capacity, and these 


ish’’ tests can be defended only on the ground that, wit 
who have all been exposed to more or less similar training 
fields, the performance shown is substantially condition 
dowment. Quite the same thing can be said of th: 
information’’ tests which are also a common feature in ow 
intelligence tests. Personally, I believe that the effort 
made to avoid so far as possible tasks that are so directly 
by home environment and school instruction. 

In the second place, the question arises: Is it possib 
able to differentiate between tests of the two other main e 
of intellectual performance, between endowment tests and 1 
tests? Presumably, if an analysis of scores showed that 
tests varied sharply with chronological age, but varied r 
little within a given age for children of known differences 
dowment, such tests could be termed ‘‘ maturity tests.’’ (M 
states that the immediate memory test is an instance in 
Similarly, if the analysis of scores showed that other tests 
decidedly for children of known differences in endowment 
varied relatively little with chronological age, these tests 
termed ‘‘endowment tests.’’ On the basis of tests conducted 
feeble-minded children of a limited range of ages, Chotzen 
intelligenz-Priifung Methode von Binet-Simon bei schwach 
Kindern.’’ Zeits. f. Angew. Psych. 6: 1912, 411-494) declar 
this differentiation appears clearly; the maturity tests, or 
tests,’’ as he calls them, are those concerned with frequently 
formed activities and the experiences of everyday life, whe1 
endowment tests are those that present something new, de! 
something novel and necessitate keenly concentrated 
Claparéde (‘‘ Tests de développement et tests d’aptitudes.’’ 
de Psych., 14: 1914, 101-107), who has also been interested i1 
problem, has proposed what seems like a severe measure, t! 
shall be deemed maturity tests only when the difference bet 
the average performance of two successive age-levels shal! 
least four times the probable error of the distribution of the s 
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of a single age-level, or only when the percentage of right answers 
in the ease of ‘‘all-or-none”’ tests) increases from 10 to 80 from 
one age-level to the next. 

When to these difficulties of a statistical sort are added the 
further complications that some tests appear to eorrelate more 
definitely with maturity in one respect but with endowment in 
another respect, and that the great majority of tests after all corre- 


late definitely with both maturity and endowment, we are led to 
question whether the differentiation between these two types of 


tests is really feasible in practice. Further comparative studies 
might, I judge, be carried on to good purpose in this direction 
Generally speaking, it would seem desirable to exclude from our 
intelligence examination any test that exhibited marked correla- 
tion with chronological age coupled with low correlation with 
endowment. 

As to the great majority of tests, which, as just mentioned, 
exhibit definite correlation with both maturity and endowment, 
are we not warranted in saying that it is precisely this type of 
test that we seek if we are to work on the basis of mental ages at 
all? Was it not the essential feature of Binet’s plan that the 
quantity of endowment possessed by a child should be determined 
by comparison with the degree of endowment normal to children 
at a given stage of maturity? Naturally, we are committed by this 
analysis to the further assumption that endowments which differ 
at the start will exhibit similar (or perhaps even greater) differ 
ences at various subsequent stages of maturity; in other words, we 
are committed to the doctrine of the substantial constancy of the 
LQ. Certainly we can not hope at present to devise any satis- 
factory series of tests that shall measure endowment regardless of 
the effects of maturity. We work on the basis that performance 
superior to the average performance for the stage of maturity 
reached means superior original endowment. 

It had been my original plan to conclude this paper with a 
statement of the general arguments for the fundamental significance 
of hereditary endowment in intellectual performance and a dis- 
cussion of the very important problem of the extent to which 
training at different stages of maturity is conditioned by different 
degrees of endowment. I would have liked, for instance, to debate 
Bagley’s hypothesis that while ‘‘vertical growth,’’ as he calls it, is 
limited, the possibilities of ‘‘horizontal growth’’ are essentially 
limitless. In a way, these are problems of general educational psy- 
chology and only subsidiary issues of the theory of intelligence test- 
ing. You will be glad to pardon their omission at this time and 
for reasons of time economy to pardon also the absence of any 
summary of this paper. 
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THE INTERPRETATION OF INTELLIGENCE 
TESTS’ 


By J. MCKEEN CATTELL 


WE are conscripted to talk this morning about the int; 
tion of our intelligence tests, with special reference to the p1 
of the extent to which the performance of the individual de 
on his heredity and on his environment. The scientific met 
interpreting psychological tests is to continue research wit! 
Definitions and discussions are relatively futile for the ad, 


ment of science; but they may serve a social function. 
if we want to play a complicated game of logie and log 
heredity, environment and intelligence are excellent counters 


Apart from theology there is perhaps no subject so ina 


to scientific research, so open to endless discussion, as is 
heredity. 

As flies to wanton boys, are we to the gods, 

They kill us for their sport. 
Professor Morgan and his thirteen disciples can mate, et 
and count their flies by the tens of thousands. It requires 
omnipotence of the gods and the time of their slowly grinding 1 
to make in men modifications equally significant; and the) 
and kill us for purposes other than the collection of s 
records. Only in the fable can Fata Morgana transform a 
being. Morganatic marriages for experimental results 
favored by existing law and sentiment. 

When I became editor of The American Naturalist, it wa 
the intention of making it a journal devoted to research on ly 
and organic evolution ; my own interest was in human heredity 
eugenics. Within these twenty years a science of genetics has | 
created, but there have been submitted to the journal scarcely : 
papers of consequence on human heredity; not many have | 
published anywhere. When the International Congress of Eug 
met in New York two years ago, there were many officers and me! 
bers, but scarcely half a dozen of them professionally engaged i 
eugenical research. 

Some three hundred years before there was a Davenport 
Iowa or in Cold Spring Harbor, Hakluyt in his ‘‘ Voyages’ 1 

1 Part of the Symposium of the Section of Psychology of th 
Association for the Advancement of Science at the Cincinnati meeting, 
ber 31, 1923. 
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‘‘T reason that as some sicknesses are hereditarious and come from 
ather to the sonne, so this inclination or desire of this discovery | 
‘nherited of my father.’’ This is the natural extension of th 


bili 


eoncept from its original application to the inheritance of rank and 
property and is the current usage ; thus the ‘‘Century Dictionary”’ 


“The influence of parent upon offspring; transmission of qualities 
or characteristics, mental or physical, from parents to offspring ;’ 
and the ‘‘Oxford Dictionary’’: ‘‘The property of organic beings, 
in virtue of which offspring inherit the nature and characteristics 
of parents and ancestors generally.’’ 

We might expect better things in Baldwin’s ‘‘Dictionary of 
Philosophy and Psychology’’ where the definitions are signed by 
experts, but we find heredity defined conventionally as ‘‘The trans 
mission from parent to offspring of certain distinguishing charac 
teristics of structure or function.’’ This definition is scarcely an 
example of the transmission of characteristics from parents to off 
spring, for, according to the signatures, the mountains which were 
in labor to bring forth the little monster were Professor J. Mark 
Baldwin, Professor E. B. Poulton, Professor William James, Prin 
cipal C. Lloyd Morgan and Professor G. F. Stout. It is inept to 
personify heredity, to make a fundamental distinction between 
structure and function, to speak of characteristics as things apart 
from the organism handed down like property, or to make the 
parent (why not at least the parents?) solely responsible. In gen 
eral, however, the usage is the current one, and if we define heredity 
as ‘‘The resemblances among individuals due to their common 
origin or germ plasm,’’ we have the problem to which our genetic 
investigations are directed. . 

But in the subject proposed for this discussion, ‘‘ Heredity vs 
environment in the interpretation of our intelligence tests,’’ hered- 
ity has a different meaning, namely, the congenital equipment or 
the original organization of the individual. This usage has biolog- 
ical sanction; for example, Professor J. Arthur Thomson in his 
book on ‘‘Heredity’’ writes: ‘‘ Heredity, function, and environment 
—famille, travail, lieua—are the three sides of the biological prism, 
by which, scientifically, we seek to analyze the light of life.’’ This 
is a curious sentence, as light is analyzed by two, not by three, sides 
of a prism, and experience is not coordinate with congenital equip- 
ment and environment, but dependent on them. Galton, whose 
intellectual vision was always sharp, uses what he ealls the ‘‘jingle’’ 
of ‘‘nature and nurture,’’ to mark the distinctions with which we 
are here concerned. He says: ‘‘Nature, or the sum of inborn quali- 
ties . . . ineludes also those individual variations that are due to 
causes other than heredity, and which act before birth.’’ And 
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Brooks: ‘‘We must recognize the universality of the law 
ity, but we must not overlook the equally well-established f; 
each organism is the resultant of this law and another, the |, 
variation. ’’ 

As we have no satisfactory word for the constitution 
fertilized ovum—the zygote—it is a temptation to use heredit 
it eauses confusion. Thus, on the one hand, the zygotes of 
brothers might by hypothesis be assumed to be identical, | 
influence of environment to be so dominant that under diffe) 
conditions there would be no resemblance between the two 
Or, on the other hand, the zygotes of the same parents mig 
eeivably vary normally about the racial mean, but two sir 
zygotes, whatever their origin, might under diverse environ: 
produce similar adults. With which of these extreme hypot 
would heredity be strong or weak? We apparently should f 
invent words to designate the individual when it is a zygot: 
when it is born, and the extent to which at these stages the m 
or adult organism is determined. 

Environment is also a complicated concept. It is a ter 
I have never liked ; for some obscure reason if reminds me 
blessed word Mesopotamia.’’ Aleohol is no longer part of our | 
ful environment, but it may on occasion be found in the br: 
it then part of the organism or of the environment? To w! 
vitamins, hormones and internal secretions belong? The be! 
of a blind man is dependent on this condition. Blindness ma 
due to organic heredity or to chemical changes induced in th 
plasm of the parents; it may be caused by infection in the ut 
or by subsequent disease to which there is congenital disposit 
it may result from actions due to imbecility or from driving 
recklessly ; it may be due to lightning from heaven. We lack « 
where sharp lines between the organism and the environment 
reactions of an individual are determined by stimuli acting 


nervous system formed largely by preceding experiences, and i) 


environment which is largely a social heritage. 

Even if we know exactly what we mean by our wort 
possible to answer categorically the question whether the 
gence displayed in our tests is due to heredity, or to environme! 
or to a certain proportion of each. Mr. Lippmann would not ¢ 
to answer the question: Did you misrepresent the opinions o! 
chologists in your New Republic articles through ignorance 
through malice? To ask whether the performance of an individ 
is due to ‘‘heredity’’ or to ‘‘environment”’ is like asking whet! 
the color of a flower is due to the molecular structure of the pet 
to the light that they diffuse, or to the perceiving individual 


] 


ls. it ie 7 
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sce the old simile of Aristotle: ‘‘A hand apart from the body is no 
noer a hand.’’ The organism and the rest of the world with 


7 
A 
] 
I 


which it comes in contact are one and inseparable. When the blind 
lead the blind and both fall into a pit, it is not easy to say whether 
the result is due to the individual or to the environment. And so 
‘t is with the actions of Kaiser Wilhelm or Czar Nicholas. <A boy 
may do about as well in his college work by natural ability tempered 


by athletics and fraternities, or by lesser ability more continuously 
applied. The same causes produce the same effects, but the same 
effects can be produced by varying causes. ‘‘Some men are born 
oreat, some achieve greatness and some have greatness thrust 
upon them. ”’ 

Darwin and Lincoln were born on the same day. Darwin came 
from a highly endowed family with all the advantages of wealth 
and privilege. He chanced to go on the voyage of the Beagle and 
lived when and where evolution by natural selection—witness Wal 
lacee—was in the air. Lincoln had no hereditary advantage or 
favorable surroundings; but he too had high natural ability and 
finally the opportunity of circumstance. If the two infants had 
been exchanged there would have been no Darwin and no Lincoln. 
Was the performance of each due to natural endowment or to oppor- 
tunity, or to any quantitatively determinable proportion of the two? 
Is the amount of the extension of a spiral spring due to the strue 
ture of the spring or to the weight attached? As nearly as the 
matter can be put in a sentence we may say that what a man can 
e does do by the 


do is determined by his native equipment, what h 
circumstances of his life. We can not gather figs of thistles ; neither 
figs nor thistles will grow where there is no water. 

If there are difficulties in reaching a common understanding in 
discussing heredity, environment and their interrelations, the situ- 
ation is not other with regard to intelligence. The psychologist is 
likely to consider intelligence as the quality enabling an individual 
to learn readily or to meet new situations successfully, in so far as 
this depends on his congenital equipment. This is what we mean 
when we say that a dog is more intelligent than a horse, or to quote 
Hakluyt again : ‘‘In my judgment there is not a beast so intellective 
as are these eliphants, nor of more understanding in al the world; 
for he wil do al things that his keper saith, so that he lacketh 
nothing but humaine speech.’’ 

In common usage, however, intelligence means information, 
especially the limited sort possessed by intellectuals or the intelli- 
gentsia. Thus the Dial heads its December advertisements: ‘‘It is 
now the fashion to be intelligent,’’ and continues: ‘‘Until recent 
years it was still considered fairly bad form to be intelligent ; to be 
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well-read was either a snobbish superfluity or a soci 
meanor.’’ Intelligence is not only used for information al 
ciation in literature, but we are told of intelligence depart 
the army, where spies and clerks collect dubious inforn 
in America we call places ‘‘ intelligence offices’? on the C 
principle of lucus ab non lucendo. 

Our intelligence tests may not be misnamed, for t!] 
the combined natural and acquired ability of the individu 
promptly and correctly with relations that are largely 
mathematical. This kind of intelligence is needed for 
school and college work, so here the tests have a consid 
dictive value. Such abilities develop with age; the chi 
a stage at which he can talk, read, calculate or acquire ec 
of information, as happens with walking, swimming 
tennis. Genetic tests of the Binet type thus have er 
determining mental age, but this is a concept that should bi 
with caution to adults. It is also the case that the qualitix 
ured by the tests are required in our present civilization 
in the professions. But the ambiguity of the word intellige 
lead to false interpretations. It may mean a hypothetir 
quality that leads to success in most situations, or it m 
acquired skill in dealing with words and numbers. W: 
ure the latter and assume that we have determined the forn 

It seems that I was responsible for the first psychologi 
urements of ‘‘individual differences’’ and for the inventio1 
term as well as of the term ‘‘mental tests.’’ My experime: 
rate of reading and its dependence on the method of pr 
published in 1885, were of the intelligence test type. It 
haps, be now revealed without indiscretion that John D 


my fellow student, stood highest in the group tested. | 
a word could be read as easily as a single letter; tha 
might require about one half second to read a single w 


4 


} 


one fourth second each to read disconnected words in 
about one eighth second each to read words in sentences 
ing different languages aloud as rapidly as possible wit! 
tion to the meaning, my own time per word in thousai 
second was: English 138, French 167, German 250, Ital 
Latin 434 and Greek 484. The relations were found to meas 
individual’s ability in the language. It took about twice as ! 
name a color or an object as the word designating it 
habitually engaged in reading, but not for others. The times 
different observers were distributed approximately in accord 
the normal probability curve, within a range of about 1: 2, w! 
have found to hold for many psychological measurements of | 
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vidual differences, such as reaction-time, observati 
tion and judgment. 

In 1887 and 1889 there were described 


Chk 


Studien and in Mind over 12,000 experiments o1 
leas on the lines of our present intelligence 
neluded the students of a German gymnasium, : 
Dublin school and Bryn Mawr College. The exp 
lished some ten years earlier than the work of Dr 
is often quoted as the first quantitative study 
nd some twenty years before the Binet tests, 
regarded as the first genetic or age intelligence t 

the London girls’ school the average ages o 
12.7, 14.8, 16.3 and 17.8 years; the average tin 
tions in seconds were 9.33, 6.09, 5.16 and 4.13 
regular increase with age in the percentage ot 

The following paragraph scarcely seems antiq 

The 363 students of the London school were div 

ass-rank, into four parts. The average time of ass 
s given in Table IV. This shows an increased rate 
rank of the students is higher, but the difference i 
sible that such experiments measure the 

accurately than does the class-rank, whic! 
nd other factors not telling in such experiments 

fference for the several quarters in the relative rate 
abstract associations; consequently higher class-rank do¢ 
panied with greater ease in abstract thought, attention to ol 
equally useful. (Mind, XIV, p. 235, 1889.) 

I then employed the word alertness and still prefer it to intell 
gence. Scott uses the term ‘‘mental alertness tests,’’ but the adjec 
tive is unnecessary. The designation ‘‘ psychological tests’’ seems 
to be preferable to ‘‘mental tests’’ or ‘‘intelligence tests.’’ Ability 
is a better word than intelligence, for we can speak of different 
kinds of abilities, and the word refers to measurable performance 
rather than to mysterious mental powers. I have always held that 
psychology has to do with the conduct of an individual rather than 
with his consciousness. We are concerned with what a person does, 
rather than with what he thinks he thinks, feels he feels or imag 
ines he imagines. In psychological experiments, as I once put it, 


‘It is usually no more necessary for the subject to be a psychologist 
than it is for the vivisected frog to be a physiologist 

Perhaps some light is thrown on the contemporary interpreta- 
tion of intelligence tests by the following, written nearly forty 
years ago: 


The differences of time in the several cases are exp! 
and pursuits of the subjects, and in turn throw light bac! 
Vol. XVIII.—33 





514 THE SCIENTIFIC MONTHLY 


example, B is a teacher of mathematics, C has busied hin 
ture; C knows quite as well as B that 5-+-7 12, } 
longer to call it to mind; B knows quite as well : 

but needs 1/10 seconds longer to think of it. 

which an author wrote, as average of the 


Luther B te . in the ease of Goethe 


of Shakespeare C took 1866 less time than B. It shor 


I 
B is a German, C an American. . . . Such experiment 


7 


in a way that is stratling and not always gratifying. 


In the ‘‘Physical and Mental Measurements of the St 
Columbia University,’’—which in accord with the present 
of psychological nomenclature and to make permanent an ot 
untenable association might be called the ‘‘Cattell-Columb 
—published in 1896, the effort was made to measure o1 
large number of specific individual traits. In the cours 
some twenty-six measurements were made in the laborat 
some forty-four observations were recorded. Later the 
sent in answers to some fifty questions in regard to his origi 
dition, habits and interests. We had his records in class \ 
in the gymnasium; information concerning non-scholast 
activities was available. What the men have done in the sul 
twenty-five years and the measurements of the children o 
them at present in college could now be correlated with th: 
determinations. The measurements were made on wol 
Barnard as well as on men at Columbia—about a thousa 
and were genetic tests; for the same individuals were test 
beginning of the Freshman and the end of the Senior year 

It is to be hoped that these references to early work 


symptoms of arteriosclerosis. It seems to me that in rec 


exact measurements of psychological traits and reactions |! 
relatively neglected for the more general and complicated 
gence and information tests, whose immediate usefulness is gt 
Perhaps the best way to interpret intelligence tests is to stud) 
more elementary forms of behavior on which they in part di 
Individuals were found in these Columbia tests to differ in strengt 
fatigability, vision, hearing, touch, accuracy and rate of mov 
and of perception, observation, attention, imagery, memory 
ciation, ete., but there was little or no correlation among th« 
urements or of these with the class standing of the student i 
ent subjects. This lack of correlation may, however, be in itse! 
interest. It parallels the lack of transfer of training found by ! 
fessors Thorndike and Woodworth in the Columbia laboratory 

It may be that quickness and accuracy are not directly « 
lated. They may be inversely correlated ; but both are useful t 
If there is no correlation, 25 per cent. of individuals would b 


dy 
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median in both quickness and accuracy and would 
+ advantage. If ‘‘intelligence’’ and ‘‘character’’ ar 
ted, one per cent. of all individuals would stand in 
in both characteristics and these would tend to bi 
syceessful in their behavior. Psychologists do no 
re is a comprehensive and unanalyzable native gen 
e on which the success in life of the individual di 
opinions are attributed to them, and it may b 
ehologists have not always expressed their meanin: 
nt eare and caution. 
In my study of eminent men, begun in the eighti 


} 


vehological classifications to group them as men o! 


action and men of feeling. I have noted the analogy ol 
tion and feeling to the wider categories of spac 


me v0 


r protensity, and energy or intensity, and als 
stance that performances are not divided among the three 
activities, but possess them in varying degrees, as a body may be 


ind. moving and hot at the same time. These distinctions were 
1 in grading character and in arranging individuals in the or 


sea 


f merit for different traits. Some people are most happy and suc 


le r 


eessful in abstractions, all the way from solving newspaper puzzles 
to framing systems of philosophy, others in social relations or 
artistic activities, others in doing practical and objective things. 
These abilities are combined in varying degrees and relations and 
are then exhibited in different kinds of performances. Human 
nature is endlessly complicated and the kind of analysis that can 
be made with pen and ink is rather futile. We are told that thought 
is antithetical to feeling and action, but accomplishment in some 
lirections rests on a combination of the three, witness, for example, 
British premiers such as Gladstone and Lloyd George. Even so we 
have not settled with the question of clearness of thought, sincerity 
of feeling, correctness of action. Wisdom, sympathy, righteousness 
are still further beyond our present reach. 

In all this complex the intelligence tests only attempt to deter 
mine a small range, primarily of the intellectual processes. If chil- 
dren have had much the same home and school life the tests meas 
ure native differences in what an individual can and can not do. 
The morons at the bottom will not be found in the upper school 
grades, but may be conscripted to serve in an army. A girl in the 
lower deciles may be a good housemaid but a poor typist; some- 
what higher, she may be a competent typist, but a stupid stenog 
rapher. Freeman says in his excellent study in the December 
Century Magazine, that ‘‘leadership in the professions, in business 
and in larger political life’’ is confined to the upper five or ten per 
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cent. I should prefer to guess that nine tenths of the 
be placed by our tests in this group. Among the fiv: 
Americans thus designated the correlations are unce 
with the kind of performance. To be a Phi Beta Kap; 


Alpha A + man is an introduction to ‘‘Who’s Who”’ ; 


of $5,000. The men who build cities, railways and 
not selected by intelligence tests. 

When it is found that Italian children in our se! 
so well in certain tests as native American children, t} 
simply to lack of familiarity with the language or to ¢ 
standing the instructions. The children in the Mont 
seem to be particularly precocious in tests of the Bir 
any case the Italians may have forms of expressior 
by the usual Anglo-Saxon. When Irish children do not 
as some others, it may be due only to different interests 
but these interests may reflect real racial differences. T) 
predict that the Irish children will not do as well as An 
dren in bookkeeping and stenography ; but they do not di: 
ure the probable success of the two groups in keeping sa 
ning Tammany Hall, writing poetic drama, or starting 1 
is in fact fair agreement among psychologists on the scop: 
ing of intelligence tests. The difficulties are largely in t 
of journalists and educators, as Professor Whipple point 
the admirable review of the subject in his address given a ) 
as chairman of the section of education of this associat 

The proper interpretation of intelligence tests consists 
ing what an individual will do in a given situation, w! 
conditions leading him to act as he does, how well we ca 
this. Our current tests foretell as accurately as an entra! 
nation or a high-school record what a boy will. do in colleg 
is practically important for it gives a more nearly equal 
those who have had varying opportunities. Boys from t 
preparatory schools pass the college entrance examinat 
readily than those from the public high schools, but they « 
so well in their studies afterwards. What is hopeful about t! 
is that they predict what a boy can do even more accuratel) 
what he will do. In this direction future research is full of pr 
No work seems to me more important for society than Tern 
the selection of talented children. A great forward step ! 
taken when psychology is applied to useful purposes and t 
is made straight for a profession that may become as 
as medicine or engineering. 
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III. Tue OLD anpD NEw THEORIES OF GRAVITA’ 
Ir is a commonplace of experience that when mat 
are left free, they fall to the earth. If suspended from al 
stretch downward, and if supported from below they flatt 
same direction. It is customary to think of such effects ; 
gravitational force. This force acts with nearly the same ) 
everywhere on the earth’s surface. Very careful experiments indi- 
eate that it is proportional to the mass or quantity of matter con 
cerned. 

It may have been felt in early times that some force of analo 
gous nature keeps the heavenly bodies in their prescribed paths 
Kepler had specific ideas about gravitation, nearly all of which 
were correct. He conjectured that the virtus motrix diminished 
as the distance between the bodies increased, in particular inversely 


as the distance. However, the mathematical tools necessary to dea! 
with the questions at issue had not then been invented; these wer 
the analytic geometry of Descartes and the infinitesimal calculus of 


Newton and Leibniz. 

The possibility that the force varied inversely as the square of 
the distance, so that when the distance was doubled the foree dimin- 
ished to one quarter of its magnitude, interested Newton as well as 
several of his contemporaries. It was the extraordinary accom 
plishment of Newton to have established with the aid of the eal 
culus that this law of force holds with a high degree of accuracy) 
throughout nature, by applying it to the solar system, comets, tides, 
ete. The subsequent more thoroughgoing application to nature has 
required notable mathematical skill as well as extensive computa- 
tion, and the agreement of theory and the observed facts has been 
ascertained to be nearly complete. 

The Newtonian law is unparalleled in the realm of physics be- 
cause it calls for the instantaneous spreading of a disturbance 
throughout all space. Thus, if a material object is moved sud- 
denly, the disturbance in gravitational force caused thereby is sup- 
posed to affect instantly the most distant stars. No explanation of 
the law has been forthcoming which accounts for it as a seco! dary 


1 Lowell lectures. 
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result of the properties of matter and electricity. 
all that has been done is to state the law and deduce: 
its many consequences. 

It would be unreasonable to expect a complete ex) 
phenomenon as basic as gravitation, and yet the: 
said that is well worthy of careful consideration. 
planation of any set of facts undertakes to account 
terms of still more fundamental accepted facts. For 
may be explained in this way as molecular moti 
gross statistical way by means of the senses. To w] 
this kind of explanation may be carried, there must 
facts, taken for granted and not explicable in the s 
manner. There is, however, another imperfect kind « 
(such as is here attempted for gravitation) which m 
For instance, geometry can be developed from a fe 
accepted truths into all its infinite and beautiful va 
of systematic reasoning. Such a development giv: 
example of the second type of explanation. Anot 
the same type is found in the so-called analytic 
where a few reasonable assumptions, such as that |] 
able quantity and flows from hot to cold, yield a con 
logical development. 

It will appear that the law of gravitation is simil 
mined by its broad qualitative properties as an inte? 
bodies not in direct contact, together with the p 
tivity present in the particular framework of the phy 
which is taken as starting point. This is true of! 
gravitation of both Newton and Einstein. Consequent 
seem that the law of gravitation expresses in the sim} 
terms the direct purpose of nature that material bo 
approach one another in empty space. 

In the framework of space and absolute time 
Newton’s theories, any undisturbed body yields an att 


ence space in which other undisturbed bodies move w 


velocities in a straight line. Let us select some such s] 
ence. Any other space which moves relatively to the s 
with uniform rectilinear motion will serve equally well 
The type of relativity which is present in the sp 
forming the starting point is particularly to be not 
bodies are so small and so far apart that they ma} 
point particles which do not disturb one another 
model may be considered to be realized with high e 
interstellar space. Now what is the type of relativity 
It is that a particular space can be replaced by an) 


rT) 
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moving uniformly in any direction, and also 
of length and time can be replaced by any ot! 
change in the statement of physical laws. It 
maintain such a relativity in the generalization 
model to space and time taken as the conta 
In another form, this requirement 
sical properties of bodies are to be thought Oo! 
velocity and orientation in the selected space, 
First let us consider briefly the contact 
when equal, rigid, spherical particles happen 
particles will move with constant velocities along 
fore collision. The point P midway between 


likewise. Let the space of reference be 

this point, P. Then in the equally valid new reference s| 
two particles will approach one another with equal velo« 
opposite directions and collide at P. It is assumed for t 
simplicity that the collision is direct and not glancing 
must be in the straight line joining the two particles, if 
ciple of relativity which obtains in the special model 
destroyed. In fact, otherwise, the result would not be 


of orientation in the space selected. Likewise, the two 


recoil must be equal, or there would be a physi 
tween the two directions on the line of approach 
interpret the relativity of time in the mathematical 
unit of time can be changed to its negative, (7. ¢., tl 
happenings can be described in the reverse orde1 
enough that the velocity of recoil must be 
approach. 

Thus the entire behavior under direct col 
and, by reference back to the original space, it 
laws of collision are such as to leave unaltered the momentum and 
energy as well as the mass of the pair of colliding particles. By 
such means, with the natural and inevitable extension to gases, 
liquids and solids, as obtained by aggregation of molecular 
ticles, the behavior of bodies in contact can be determined in larg: 
measure by the mere requirement that the relativity of space and 
time remains as extensive as in the special model. 

The alternative kind of force is that which acts between bodies 
through empty space. Let us see how it is that such gravitational 
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force is determined in character by the same requirement 
relativity present in the special model be preserved. 
It should be observed that the word force as use 


earlier has no metaphysical significance. When an, 


parts from motion with constant velocity in a straight 
in the momentarily attached Newtonian space, the parti: 
leaving its position by a definite distance in one secon 
displacement in position for each unit of mass is the m 
the force which acts. Hence we can define force by pur 
rical methods based on a measurement of displacement 
form motion in a straight line, and this is the definition 
here. 

Now the Newtonian analysis of space and time is ii 
to the extent that it proceeds as if light were propagated 
taneously. But such a restriction only means that the v: 
bodies are of very smail magnitude in comparison with t 
of light. In order that such a situation be maintained, 
sary that only bodies of small mass be considered. It 
fore, a restriction to the case of small masses and velociti: 

Take first two equal spheres of small mass relativel; 
held at a fixed distance apart by a very light rigid bar. Ii 
is removed, the mutual influence hypothesized must 1 
result in a displacement of the spheres along their line « 
measurable as a force. This conclusion follows by the prir 
relativity used before. The magnitude of the force can on 
on the distance between the spheres. Unless some pai 
lute unit of length exists, the force must vary as a power! 
distance, as a little mathematical argument would show 
istence of such a unit of length is inconsistent with 
principle of relativity. The force can not vary directly as 
if it is to vanish when the two bodies are at a great dista1 
one another. It can not vary inversely as the first power 
distance, for in that case bodies approaching one anoth 
distance acquire indefinitely large velocities by mutual 
Nor can it vary inversely as the third power or a higher 
for then the mere aggregation of continuous matter pri 
infinite supply of energy. Thus, by very obvious requi! 
the range of choice appears effectively narrowed down to tl! 
of Newton, according to which the force varies inversel; 
second power of the distance. 

Although only the gravitational interaction of two small! 
spheres has been considered, the principle of the superp 
small effects, widely observed in nature, is of service in the « 
mination of the forces of interaction between any number o! 
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equal small bodies. <A simple illustration of this principle is 


rded when sets of circular ripples, caused by as 0 
» surface of the water at different points. meet 
ives. The principle of superposition is one that holds by virtue 
an inner mathematical necessity rather than an independent 
hysical principle. 
Hence the mechanical and gravitational laws of 
determined, once the Newtonian framework of space and absolute 
time is accepted, and the full relativity of that framework is 
sisted upon. The logical incompleteness in the preceding develop 
ment of this fact is by no means to be ignored, but the fact itself 
ems undeniable. 
One limitation in that theory arises from the circumstance that 
takes no adequate account of the finiteness of the velocity of 
Accordingly, any imaccuracy in the law of gravitation 
btained is likely to manifest itself when the relative velocities are 
high. In particular, it would be expected that, of all the planets, 
Mereury would deviate most from its predicted orbit, for it moves 


with the highest velocity of any planet under the solar attraction 


Such a deviation has been observed. 

Furthermore, when this framework is adopted, it is not possible 

) maintain the same degree of spatial relativity in dealing with 

electricity and magnetism. This is also to be anticipated, since 
light is electromagnetic, and the disregard of its velocity is par 
ticularly improper from the electromagnetic point of view It 
thus becomes necessary to adopt the absolute space or ether of 
Faraday and Maxwell. 

The diagrammatic circle of relativity may be used to illustrate 
the considerations adduced above. Consider the circle with the 
infinitely many symmetric reference lines through its center, repre 
senting the relativity which is present at the outset in the New- 
tonian framework. Suppose that a point in the plane of the circle 
is to be specified in such wise that the symmetry is not lost. The 
point must necessarily be the center. Or suppose that another 
circle is to be specified under a similar condition. It must have the 
same center as the first circle. On the other hand, if it is demanded 
that a line be laid down, the symmetry is necessarily destroyed. 
The mechanical and gravitational laws are analogous to the point 
and cirele to be determined. The fact that these laws are in accord 
with the principle of relativity indicates the basie importance of 
that principle. On the other hand, the laws of electromagnetism are 
ineonsistent with the principle, and so are akin to the straight line. 

If the above analysis is correct, the heuristic value of the prin- 
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ciple of relativity for classical physics can scarcely } 
mated. With it the form of the laws of mechanies and ¢ 
seem predetermined, while without it these appear to by 
random. The laws of electricity and magnetism are py 
termined, however, in that theory. 

In passing to the special theory of relativity invent 
stein in 1905, we begin with a more adequate analysis of 
and light, and obtain a corresponding framework. An) 
particle defines a particular space and time relativ 
which interacting matter is taken to be present. W 
quired that the new, spatio-temporal type of relativity o1 
model be strictly preserved, a very interesting situ 
The laws of contact action of elastic bodies can be det: 


means like those available in the Newtonian ease. Slicht 


principles of conservation of mass and energy, 
are obtained, in such wise that the theory agrees wit! 
facts of mechanics at the velocities found in nature. 

The account given of the electromagnetic theory in e1 
becomes extraordinarily symmetric with this ty 
The theory may be approached very readily by mean 
broad qualitative assumptions and by use of the prin 
temporal relativity. The symmetry between space 
complete that one is justified in writing down the ce 
sional equation 

186,300 miles == V— 1 seconds. 


The meaning of such a mystical equation can not 
here: it indicates a formal symmetry between the 
space and of time. This peculiar kind of symm 
throughout the theory. 

If now we proceed to consider the interaction of bodi 
tance, it appears that, in the case of sparsely distributed 1 
rest in some space, the law must be of the Newtonian ty] 
very reasons advanced before. The appropriate exte 
case of matter in relative motion may be obtained by th« 
principle of the permanence of mathematical form. In a] 
this principle, the simplest law is sought which is cons 
the principle of relativity and which reduces to that of Newt 
such a static distribution of matter. 

Any beginner in algebra who knows that a’ stands fo! 

a times a, a* for a? times a, etc., sees that a law of combi 
addition of exponents holds, so that a? times a® equals 
stance. If asked how to interpret a*, he observes that b) 
law of combination a* times a* ought to be a’ or a. Henc 
fers by the principle of permanence of mathematical form 


] 
+ 
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ought to stand for the square root of a. This principle has 
found of the greatest value for heuristic purposes, and can bi 
tended remarkably. 

The law of gravitation so obtained w 


| not account 


anomalous behavior of the planet Mercury. If it were not 
deficiency it is probable that the general theory of rel 
1915 would not have been advanced by Einstein, sine: 
special theory of 1905 possesses the same degree of generality 


principle of relativity as the theory of Newton, a1 


} 
’ 


electromagnetic as well as mechanical and gravitational phenomena 
The qualitative explanation of gravitation, as far as it has been 

attempted here, indicates that the essential element in any new 

approach is likely to lie in the use of a better spatio-temporal fram 

work. Concerning any available framework a good deal 

said in advance. In particular, if it is desired to retain an 

of the older theories, it will certainly be necessary 

notion that the totality of physical events corresponds to a 


dimensional space-time continuum.’’ This statement only 


that events can be specified by means of three space num 


one time number. 
It was the mathematician Minkowski who pointed out 


‘ 


in its aspect of mathematical form, the space-tim 
tinuum of the special theory of relativity is highly analogous t 
ordinary space; in fact it 1s ordinary space (in the same mathe- 
matical sense as that in which the mystical equation written above 
holds) except that an additional dimension is present. The ev 
are the points, the collections of events at a single partie] ( 
“‘world lines,’’ are the straight lines, the local time elapsed betw 
two events at a particle is the distance between them 
appertaining to a particle at any instant of its 
dimensional ‘‘hyperplane’’ perpendicular to its world 

Now, in a sense to be explained in a moment, ordin: 
continuum without ‘‘curvature.’’ 

It is natural to ask in consequence: Can not the framework of 
space-time be made more flexible so as to correspond to a continuum 
with curvature? The question may be restated as follows: Can 
not a space-time framework be used which bears to the framework 
of the special theory of relativity the same general kind of relation 
as a curved surface does to a plane ? It is clear that this involves 
4 necessary requirement that each small part of the new space-time 
is like the space-time of the special theory in the same sense as a 
small piece of a curved surface is like a plane. There seems to be 
little doubt that Einstein’s general theory of 1915 took its origin 
im some such line of thought as that just indicated. 
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A more physical statement of the central idea of the 1 
may be formulated as follows: Consider an elevator cage , 
freely toward the earth. The effect of the gravitationa 
the earth appears thereby completely done away with 
ample, a ball thrown in the cage will describe a straight 
tive to it, just as if the cage were in empty space rer 
matter. This fact suggests strongly that the space 
any one small reference particle in empty space are t] 
any other in physical properties, and that these properties } 
explicit reference to gravitation. From such a point of 
gravitational effects arise because of the fact that every 
body tends to follow a natural path, except as it comes into 
position with other parts of the body. 

The meaning of this interpretation may be made more ; 
in another illustration. Consider a fly on a horizontal mer: 
round. The merry-go-round will have the same physiologic 
on the fly as if stationary and inclined to the horizontal 
of inclination being dependent upon distance from the cent 
increasing with the distance. In this way a pseudo-¢1 
effect is produced by the conflict between the natural m 
merry-go-round and the natural motion of the fly. 

It is evident that the relativity of physical propert 


particular particle in empty space can not be complete 
ample, in the dropping elevator cage a magnetic needle 
point toward the north. Einstein requires relativity to hol 
extent that measurements with a small clock and measuri! 
xan be properly made. In other words, he assumes that the 


relations between space, time and light hold at every small 
in empty space. 

The new spatio-temporal framework is by no means com] 
determined by the single requirement that it is comparal 
spatial continuum. Each little part of it may be like the 
time of the special theory, in the same sense that a piece of a 
surface is like a plane, and yet a great deal of arbitrary ad) 
is still possible. To effect the determination of the space-time 
tinuum, it is necessary to discuss its intrinsic properties whic! 
those of any surface, hinge upon the important but technic 
cept of ‘‘curvature.’’ 

Consider the geometry of the plane. It may be developed 1 
pendently of the fact that the plane is a part of three-dimen 
space. For example, a straight line might be defined as the short 
path in it. If this kind of approach is made, a conical surface ca! 
be treated in exactly the same way as a plane, for it has pr 


the same internal properties as a plane. To demonstrate th 
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+ is only necessary to unroll the conical surface uj 

The geometry obtained indicates that the plane is similar 

in all its parts, to the extent that, if distances are reduced by half, 
the plane has the same properties as before. 

Now consider the geometry of the surface of the sphere in a 
similar spirit. The shortest line between two points is an are of a 
ereat circle on the sphere. Furthermore, all parts of the sphere 
are alike just as all parts of the plane are. Angles have the same 
significance as in the plane. 

Nevertheless, there is a characteristic difference, for the sphere 
is not similar to itself; for instance, if the radius of the sphere is 


ibled, the surface of the new sphere can not be fitted upon the 


agou 
0 


ld one without distortion of distances. The curvature of the 
sphere is measured by the extent to which the property of similarity 
of figures fails to hold; the plane has no curvature, and is thus flat, 
from this point of view. 

If we consider any other arbitrary surface, like an ellipsoid, it 
will depart from similarity to itself at each point by an extent 
measured by the curvature. This curvature has nothing to do with 
the ellipsoid thought of as situated in three-dimensional space, but 
is a quantity fixed by the internal properties of the surface. 

In the same way the curvature of a spatial continuum of more 
than two dimensions can be defined by its internal properties 

Einstein requires that space-time be as flat as possible away 
from matter without degenerating into the flat space-time el 
acteristic of his special theory. This is entirely akin to the require- 
ment that an ordinary surface not a plane contains as many straight 
lines as possible. The solution of this more elementary problem is 
indicated in the figure shown herewith. Likewise he requires space- 


Fie. 2 


time to have curvature where matter is. It turns out that space- 
time is satisfactorily prescribed by means of these two requirements. 

Gravitational phenomena are now explicable as the inevitable 
result of this curvature. More concretely, the fact that two bodies 
in empty space tend to approach one another is comparable to the 
fact that any two great circles on a spherical surface will intersect 
one another. The new general theory obtained explains even the 
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anomalous gravitational behavior of the planet Mercur 
been widely accepted on the basis of this and other exper 


evidence. 

It is very important to understand the essential modif 
which the principle of relativity undergoes in its extension ¢ 
highly fluidic space-time of general relativity. The space and 1 
of a particle in empty space near matter are required to 
very nearly the same physical properties as of a particle 
from matter, so that, in particular, gravitational phenomen 
tively to the particle are absent. It can not be and is not d 
that these properties are exactly the same. However, 
of space and time selected are very small and diminis] 


same ratio, so that very rapidly running clocks and ver 


1 
Y if 


measuring sticks are used, a Lilliputian universe resul 
universe gravitational phenomena disappear, and the laws of 
time, of matter and electricity, will be those of the specia 

of relativity already considered, and the same for every re! 
particle. 

The spatio-temporal system of any particle becomes ot 
less consequence for more and more remote events. For this 
if a well-balanced view of the physical universe is sought, 
not appear desirable to regard these individual spatio-ter 
reference systems as of unusual importance. In other word 
selection of a reference system becomes to a large degree ar! 

It is in this fluidic property of the general theory that 
culty resides. Near any particular event in space and time, ex; 
ments may be carried out with security at any small freely m 
body ; local distances, lapses of time, densities, pressures, temper 
tures, ete., may be treated by the usual methods, applied as i 
body were at rest. The general laws of each microcos! 
will be those of the special theory, and yet there will b 
macrocosmic deviation, caused by the presence of matte: 
resultant curvature of the four-dimensional space-time conti 
Gravitational phenomena appear as only the direct manifest 
of this curvature. 

It is extremely natural from a philosophic point of vi 
require matter to condition space-time, for the physical dete: 
nation of space and time is always through the intervent 
matter. 

A still more fluidic framework of space and time, based « 
notion of ‘‘affine connection,’’ has been introduced by Wey! 
developed much further as the ‘‘geometry of paths’’ by 
and Veblen. Recently it has formed the principal basis of att 
at even more complete unification of physical law by Edd 
Weyl and Einstein. 
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The general relativity of Einstein is connected with his specia 
nticeal relativity, the mechanical relativity of Newton, and the 
js metrical relativity of Euclid in a very interesting way. 

Suppose that we consider the general theory when matter is ver) 
sparsely distributed. Then the framework reduces to that of empty 
interstellar space, and the small gravitational effects noted will b« 


those appropriate to the special theory or will be negligible. The 
principles of optical relativity will hold. 


Now suppose, furthermore, that matter and electricity are mov- 
ing with such low relative velocities that the velocity of light may 
be taken as infinite by comparison. Then, according to the genera! 
theory, electromagnetic phenomena disappear, and the régime of 
the mechanical relativity of Newton sets in, and his law of gravita- 
tion will be valid. 

If also the rotational velocities and internal pressures are so 
small that to all intents and purposes material bodies are con 
tinually in undisturbed motion, the geometrical relativity of Euclid 
holds. 

The mathematical working out of the new theory is not a simple 
affair, despite the simplicity and unity of the fundamental point of 
view which has led to it. This is not at all different from the cir- 
cumstances attending previous theories in classical physics, for ex 
ample, the theory of elasticity. Thus, ordinarily the tuning fork 
is considered to be a rigid body. It is only in this way that it is 
visualized with any success. However, the very property which 
makes it a useful instrument is that, when struck sharply, it will 
vibrate and communicate its elastic vibrations to the air, and thence 
to the eardrums, and excite the sensation of a musical sound of 
definite pitch. The manner in which it vibrates is exceedingly com- 
plicated, and varies according to the way in which it is struck, al 
though experiment shows that the pitch of the fundamental note is 
not thereby perceptibly altered. The determination of the exact 
mode of vibration of its several parts has never been made. Al- 
though theoretically possible by means of sufficiently extensive com- 
putation, provided the tuning fork is idealized as a so-called per 
fectly elastic body, yet it is to all intents and purposes impossible 
of accomplishment. It is not even possible to explain its general 
behavior save by elaborate theoretical considerations, nor to specify 
the fundamental note in advance by any formula. And, if it were 
desired to deal directly with the assemblage of atoms and electric 
charges constituting it in actuality, the vibrational properties would 
appear as average effects of enormously complicated interactions of 
very large numbers of elements. Hence, even here, the reality is 
found to be so complicated as to be beyond the power of man to con- 
ceive adequately. 
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Simplicity and unity in the fundamental processes ; 
infinite complexity in their combinations seem mor 
clearly manifested in nature. 


9 


Is the Einstein synthesis in any sense ultimate? 
held to be exceedingly doubtful. The special model o 
space empty save for point particles, with which Einst: 


not a correct one, since there do not appear to exist } 
but merely smallest elements, called atomic nuclei 
Without a true model as a starting point, it does not 
that a final conception of the physical world can be arn 
process of generalization. The advances in recent | 
domain of physics indicate that we are just beginning t 
the laws of the atom. In fact, we have been compelli 
from the evidence of our senses, and thus have observed 
are the statistical effect of inconceivably numerous elen 
esses hitherto beyond our ken. 

His new theories are a great step in advance, 
together in a remarkable way the laws of nature so 
In them, gravitation appears as the law of macrocos! 
nection, caused through curvature of space-time by 
the spatio-temporal relativity of non-gravitational lav 
tained in the microcosmic domain. 
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TWO EMBRYOS FROM ONE EGG’ 


By Professor T. H. MORGAN 


COLUMBIA UNIVERSITY 


EXPERIMENTAL embryology, or, as it is better known, develop- 
mental mechanics, started on its class-conscious career about thirty- 
five years ago, and its infancy is remembered chiefly for two events. 
The first of these was Roux’s discovery (1888) that a half embryo 
develops from one of the first two blastomeres (cells) of the frog’s 
egg when the other blastomere is injured but present. The second 
was Driesch’s discovery (1891) that a whole embryo develops from 
each of the first two blastomeres of the sea urchin’s egg when they 
are separated from each other. The latter discovery was followed 
by a study of the eggs of other animals and led to the apparent 
paradox that in some animals a whole embryo of half size develops, 
and in other animals a half embryo develops from each of the 
isolated blastomeres. These results were idealized as two contrast- 
ing schemes of development, and far-reaching philosophical specula- 
tions were based upon them. Echoes of the controversy that fol- 
lowed may be heard to-day, although interest in them appears to be 
on the wane. Novel as were the results themselves, it must be 
admitted that they have not led to the solution of any of the 
fundamental problems of development. They served, however, a 
useful end in calling attention once more—for His had attempted 
to do this already in 1874—to the scientific problems of embryology 
from which students of embryology had been diverted since 1859 by 
over-attention to the historical side of the subject. It is not my 
intention to enter here into the conflict of opinion that arose be- 
tween vitalist and mechanist, for even were there any profit in doing 
so, which I doubt, my object is to review the facts from a different 
angle rather than to raise philosophical and controversial questions. 

It has been found that the isolated blastomeres of sea urchins, of 
certain hydroids, of a nemertean, of amphioxus, of a fish, of triton 
and of the frog give rise to whole embryos;? while the isolated 

1 Chapters from Experimental Embryology, V. 

? Kleinenberg (’78) described a process taking place in an earthworm’s egg 


+ 


at the end of cleavage by which two embryos result from one egg, or else two 
} 


embryos partially united (twins). Vejdovsky (’88) has also described th 
velopment of twin embryos from the eggs of the same earthworm (Lumbricus 
trapezoides). A reexamination of this case is desirable. There are some fea 
tures in the development of these eggs that suggest the possibility that its peen 
liarities may be due to the earlier fusion of two eggs with subsequent separation 
into two parts as the cleavage progresses. If this should prove to be the case 
the outeome would not be so difficult to bring into line with other results. 


Vol. XVIII.—34 
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blastomeres of ctenophors, molluses and ascidians giv 
embryos. Before attempting to discuss whether or n 
any peculiarities in the development of these types that 
hint as to why in the one case whole-development take 
in the other half-development, it will be profitable to p: 
a few typical instances of each kind, because we shall 
differences are not as sharp as is generally supposed. 

One negative conclusion is, however, obvious, namely 
is no relation between the systematic position of 
whether ‘‘high’’ or ‘‘low’’ in the scale, and the mode « 
ment of their isolated blastomeres; for there is a hydr 
vertebrate in one group, and a etenophor and an ascid 
other. 


THE DEVELOPMENT OF WHOLE Embryos FROM IsoLs 
BLASTOMERES 

The sea urchin was the first type in which it was s] 
isolated blastomeres produce whole embryos. Driesch 
apart the blastomeres and followed their development. T! 
that he used to separate the blastomeres was one that 
earlier made use of by O. and R. Hertwig. They found t 
eggs of the sea urchin are violently shaken a few times 


tube, half-full of sea water, the eggs may be broken int 
rm ° " . " > 
These pieces soon round up into small spheres, and 


added some of the fragments segment. This same met} 


+} 


modification, was used by Driesch to separate the 
blastomeres. 

If the sea urchin’s eggs are fertilized and then after a n 
two are gently shaken, so that they are not broken, the f 
membrane that has formed at the moment the.sperm | 
surface of the egg is shaken off the egg. This procedure n 
subsequent separation of the two blastomeres, when t! 
divided, quite easy. This separation is brought about b 
shaking the eggs when at the height of their divis 
isolated blastomeres are then picked out for further stud; 
continues to segment as though in contact with its fell 
cleavage is strictly partial (Fig. 1, a’, b’, ce’). In other 
each half divides as it would have done had it remained in 
with its fellow. (Fig. 1, a, b, ¢c). 

In the normal development a cavity appears in the « 
the group of dividing cells. It first appears at about the « 
stage and grows steadily larger as the divisions proceed. A 
also appears in the group of cells from the isolated blastome 
it is at first exposed to the exterior on one side. Later 
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Fig. 1 


round the margin of the open cavity move over it so that it soon 
eomes to lie in the center of the group of cells as in the normal 
embryo. At the time when the cleavage process has temporarily 
slowed down, and the cells have become ciliated (blastula stage) the 
half-embryo resembles in all visible respects the normal embryo of 
the same age—except in size. If the number of its cells is counted, 
t will be found that half as many cells are present as in the normal 
embryo of the same age, and that the cells and nuclei have the 
same size in both. In this respect the half-embryo is not propor- 
tionate, since its cells are relatively twice too large. Half as many 
mesenchyme cells are present in the half-gastrula as in the normal, 
and each cell is as large as in the normal embryo. The turning in 
t one pole, to produce the gastrula stage, takes place in the half- 
embryo (Fig. 2, b) in the same way as in the normal embryo (Fig. 
2,a). A pluteus of half-size (Fig. 2, b’) develops that is like the 
normal (Fig. 2, a’) in all its characters. 

The isolated blastomeres of Amphioxus also produce whole em 
bryos (Wilson ’93, Morgan ’96). The eggs in the two-cell-stage 
can be easily shaken apart without rupturing the jelly that sur- 
rounds the eggs, and since the interior of the jelly is a large fluid 
space, the two isolated blastomeres of the same egg may both be kept 
under observation. The halves develop into whole embryos of half 
size (Fig. 3, b, b'), although, as in the sea urchin also, the cells 
are as large as in the normal embryo, but only half as numerous. 

In triton the results are in part the same as in Amphioxus, in 
part different. The first cleavage plane of some eggs corresponds 
to the median plane of the embryo. If the blastomeres of such eggs 
m the two cell stage are constricted by means of a loop of hair 
tied around an egg in the plane of cleavage and later tightened so 
that the halves are separated (Fig. 4, a), the halves will develop 
each into a whole embryo (Fig. 4, b, b') (Herlitzka ’96, Spemann 
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01, 03). In other eggs of triton the first plane of cle 
right angles to the median plane of the body of the 
corresponds approximately to an imaginary cross-plane | 
anterior and posterior halves of the embryo. If a loop of 
tied around such an egg in the plane of the first clk 
tightened until the two blastomeres are gradually sepa: 
halves give different results. From one blastomere, that 
called the anterior one, a whole embryo develops, or at 
that approaches a whole embryo. From the other blast 


, 


\\ 


\ 
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posterior one, there develops a structure that to some extent re- 


sembles the earliest stages of the posterior half of a triton embryo, 
but it develops no further. 

The differences in the results just described are significant and 
help us to understand in one respect at least the more general dit- 
ferences shown between those eggs that give whole embryos from 
isolated one half blastomeres and those that give half-embryos. 
Here, from one and the same egg, both results happen according as 
to whether the first plane of cleavage does or does not correspond 
with the median plane of the body that is foreshadowed in the first 
division of the egg. It will be worth while, therefore, to examine 
this ease somewhat more in detail. 

It is very probable that at the time of fertilization changes take 
place in the triton egg that are like those known to take place in 
the frog’s egg. In the latter, extensive movements of material 
oceur that become visible on the surface by the development of the 
so-called gray crescent. This crescent appears near the equator of 
the egg and indicates the position on the egg where the dorsal lip 
of the blastopore will later develop. It is through the center of this 
crescent that the first plane of cleavage of the frog’s egg passes. 
The ereseent is visible, owing to a shift in the pigment that lies in 
the protoplasm beneath the surface. If the pigment were less in 
amount, or more superficial, the shift in the protoplasm might pass 
entirely unnoticed. If these same changes take place in triton, it is 
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possible to give a plausible account as to why a differen} 
lows when the first plane cuts through the crescent 
rule in the frog), and when it cuts the egg in two at 
this plane as it often does in triton. Let us consider 
separately. When in triton the first plane of cleavag 
imaginary crescent into symmetrical halves each hali 
crescent. The crescent is the initial point around whi 
quent development takes place. Each isolated blastom 

of this region around which the subsequent chang 
Some sort of readjustment must occur in such halves eit] 
or at the time of the formation of the dorsal lip, so 1 
material assumes a more symmetrical shape and beco 

or in other words a new median plane develops in th 
cent and whole development follows. 

In the other case, where the first plane of cleavag 
egg is at right angles to the crescent, one of the isolated | 
contains all the crescent material and the other almost 1 
The former, having in itself the center for further d 
proceeds to grow over the yolk and produces an embryo 
inal median plane of the crescent becomes the median | 
embryo. Readjustments to the size of the mass must 
because the embryo that emerges is not the anterior hal! 
bryo but a whole embryo of half size. The posterior blast 
the other hand, lacks the crescent, or at most has only the er 
lateral wings; hence, lacking a center of development, it s 
to a standstill. 

This analysis, while superficial in certain respects, ma 
make clearer the difference in the two cases under consid 
Viewed in this way, the development of the isolated blastor 
the two types is not due to any fundamental differences, | 
tain changes which have taken place in the egg befor 
cleavage occurs—changes that have an important bearing 
future possibilities contained in different parts of the egg 


THE DEVELOPMENT OF HALF-EmMBRyOS FROM ISOLATE! 
BLASTOMERES 
The development of isolated blastomeres of the egg « 
cidian (Ascidiella) was described by Chabry as early as 1887 
accomplished his purpose by puncturing one of the blastomeres 
a fine glass needle carried on a micro-dissection instrument 
apparatus was so constructed that by means of screws t! 
could be swung into any desired position and then pushed | 


through the egg membrane and made to pierce a selected «* 


punctured cell absorbed water, swelled up and died. Th 
was withdrawn and the development of the remaining ce! 


was studied. 
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me parts of the embryo that it would have pr 


Salil 
+] 


1 in contact with its fellow. He realized the 


remailmea 


his method as the following statement shows: 


are two methods by which the 
the first by direct observation, the 


ave led me to the same result but the f 
second is rapid and more general] 
ed with certainty that the eye is : 
yur-cell stage and I have found sir 
h. the notochord, the atrium and the : 
effect enters in to disturb the simpli 


y 


Lili 


portant phenomenon that calls for new 
it by the death of a cell the potency of 
give rise to parts which they do not 


Chabry’s figures of the larval tadpoles that develop from the 


ne half and three fourths blastomeres look like whole embryos in 
respects. They do not show, as have later st udies, that the ta 


+ 
Ost 
+ 


muscles and mesenchyme are lacking on one side, which is to-day 
regarded as the most diagnostic feature of the ascidian half-embry: 
On the other hand, Chabry pointed out that the adhesive organs 
and atrium are present only on one side. These are as distinctive 
bilateral structures as the musculature of the tail. 

Several years later Driesch (95) studied the development of 
isolated blastomeres of another ascidian (Phallusia) and inter 
preted the resulting embryos as wholes. He supposed that Chabry 
had also obtained whole embryos. Crampton (’97) also examined 
the isolated half-blastomere of an ascidian (Molgula) and found 
that the cleavage is strictly partial but somewhat obscured by th« 
rearrangements of the cells. He concluded that Driesch was 
tirely correct in regard to the development of a nearly compl 
larva from the half-blastomere. 

The later work of Conklin (’05) on s 
Styella), proved beyond question that Chabry’s in 
the larvae as part structures was essentially correct 
lowed in greater detail the cleavage of the isolat 
showed that it is partial (Fig. 5, ¢). He made « 
give rise to the same parts (Fig. 5, d) that they produc 
development (Fig. 5, b). His results also show, as had the earlier 


Cll 


+51] 


» jin normal 


observations, that the embryo is not in all respects a half 
Several of the organs are, in fact, not far from whol 

For instance, the digestive tract is a closed tube, 

metrical, perhaps, but nearly so; the nerve cord is a closed 


lying in or very near the middle line, and the notocord, as in t 


tube 


ne 
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normal embryo, consists of a single row of cells; it forms, 

a whole structure. The mesoderm of the tail (Fig. 5, d, ms 
ever, that is lateral to the neural tube and notocord is strictly : 
structure. From the mode of origin of its cells it would 
easily possible for the mesoderm to pass over to the other sid 
atrium and the adhesive dises are also half-structures in th 
that they are present only on one side as Chabry had obs 
although each is of course as complete in itself as in the 
embryo. It may be said, therefore, that, while a half-emb: 
velops from the isolated blastomere of the ascidian egg, 
nevertheless an evident approach to whole structures of h 
in three of the important systems of the body. In these 
respects such embryos would pass for wholes were not 
structures of more lateral organs in evidence. 

Chun (’77) found in the plankton a few embryos of the 
phor, Eucharis, within the same egg membrane, each of whi 
four rows of paddles (instead of eight) and one tentacle inst 
two. He surmised that they had arisen by the separation 0! 
first two blastomeres through agitation of the waves and tha 
cell had given rise to a half or nearly half-embryo. He esta! 
his supposition (’92) by shaking eggs of Eucharis while in t 
cell stage.* A few years later the experiment was repeat 
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Driesch and Morgan (’95) with the larger egg of another ctenophor, 
Beroe, and half embryos were also obtained from this egg 

The early cleavage stages of the normal egg of Beroe are shown 
in Figs. 6, a-<d. The egg divides into two equal cells. Each cell 
again divides in a plane at right angles to the last. The third 
division is somewhat oblique, giving rise to 8 cells that are nearly 
in one plane (Fig. 6, ¢). Then from each of the 8 cells a small 
micromere is given off (Fig. 6,d). It is from derivatives of these 
8 micromeres that the 8 rows of swimming paddles develop. This 


has been shown by removing one or more of the micromeres or by 
displacing them with respect to the other cells (Fischel (98) Yatsu 

‘'12)). The results show that even at the two cell-stage certain 
changes have taken place that proceed in each half as though it 
were independent of the changes going on in the other half. 


* Roux’s half-embryos of the frog (’88) had dev 
the other injured half, and the results were undoubtedly 
ence of the injured blastomere, as his results indicated 
have proven. 
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It was further shown by Driesch and Morgan, 
firmed by Fischel (’98) that the ctenophor half-embry 
more than a half structure (Fig. 6, g, h,i). The ect 
stance, covers the whole surface; there is a single tub 
somewhat excentric in position, and instead of two gut 


half the normal number), there is a smaller third p 
present. Whether the apical sense organ is something 
strict half was not determined. But with these res 


embryos from the isolated blastomere may be said to 
certain striking respects a half structure. 

The isolated blastomeres of four molluscs have 
Crampton (’96) has studied the isolated blastomere 
Wilson (’04) that of Dentalium and of Patella, and Cor 
that of Crepidula. 

The normal egg of Ilyanassa divides into two n 
halves (Fig. 7, a, b). A yolk lobe (yl) appears in 
blastomeres (CD) as the first division is taking place 
blastomere is isolated it cleaves as part (Fig. 8, a, b, e, d 
produces the primary mesoderm cell (Fig. 7, f, d 
opposite blastomere, AB, when isolated (Fig. 8, e, 
produce this cell. It is to be expected, therefore, that 
might produce an embryo xauch more nearly whole than 
that lacks this important cell from which nearly all 
layer organs develop. The half embryos of Ilyanassa di 
ever, without passing beyond the later cleavage stages, s 
characters of the two embryos are not known. 


o AB \ fo is. My 
} 
( 


asl 
ul 
} 
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In Dentalium the fate of both the CD and the AB blastomeres 
has been followed somewhat further. The normal cleavage is shown 
in Fig. 9 a-f; that of the isolated CD blastomere in Fig. 10 a-f: 
and that of the isolated AB blastomere in Fig. 11 a-—d. The normal 


») 


swimming larva (trochophore) is shown in Fig. 12 a, b; 

embryo from the CD blastomere in Fig. 12 ¢; and the half embryo 
from the AB blastomere in Fig. 12d. Wilson (’04) found that both 
the AB and the CD isolated blastomeres (Fig. 10 and Fig. 11) cleave 
as parts, 1.e., each as though still in contact with its fellow 
Each gives rise to a swimming larva, but the two differ in 
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certain respects. The AB larva lacks (Fig. 12, d) th 
tuft of cilia, whose presence is in some way connected wit] 
presence of the yolk lobe. The CD larva (Fig. 12, c) has an ; 
tuft. The AB larva also lacks the region behind the eir 
ciliated cells. How far its absence is due to the absence of 
d* cell, directly or indirectly, has not been shown. The CD | 
has a post-trochal region. Superficially, at least, it is not p 
but complete, but as yet we do not know whether the mes 
derived from the 4d cell forms a symmetrical or an asymn 
structure inside of this embryo. Outwardly at least, 
embryo approaches a whole larva of half size, but if we 
this case the same criteria that have been insisted upon in t 
of the half-ascidian embryo we should be obliged to con 

we do not know whether the half Dentalium CD trochop! 
half or a whole structure. Much less could it be said that 
trochophore is a whole embryo if it lacks all the mesoderm nor 
derived from the 4d cell. The conventional ‘distinction bet 
whole and half embryos has here very little meaning, owing t 
unilateral origin of the mesoderm that comes in the norma! « 
only secondarily to have a right and left distribution. 


THE DEVELOPMENT OF THE HAautF BLASTOMERE WHEN 
CONTACT WITH ITs INJURED PARTNER 


The experiment that Roux (’88) carried out by injuring 
the first two blastomeres of the frog’s egg and the conclus 
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he drew from the results occupied the forefront of the earlier dis- 


eyssions concerning developmental ‘‘mechanics.’’ The later ex- 


neriments of the same sort by Endres and Walter (95), Morgan 


04) and Brachet (’05) have confirmed Roux’s main result, while 

other somewhat different experiments by Schultze ('94), Wetzel 
95) and Morgan (’95) have led to conclusions that are very 
different from those that Roux reached from his evidence. 

Roux stuck one of the blastomeres with a hot needle. Its devel- 
opment was for a time delayed or entirely suppressed. The other, 
uninjured blastomere continued to develop as though the injured 
half were also proceeding along the same path. A half-blastula 
stage (Fig. 13, A) followed by a half or nearly half embryo de- 
veloped in intimate contact with the injured half (Fig. 13, B 
Similar embryos have also been reported by Endres and Walter, 
by Morgan and by Brachet, and even some of those described by 
Osear Hertwig are obviously of the same sort, despite the fact 
that Hertwig gave a different interpretation to them as well as to 
all embryos that develop under the conditions of this operation 
(see below). 

There are three questions connected with Roux’s experiment 
that call for further discussion; first, as to whether the embryo 
is more than half; second, as to whether the result is due to 





THE SCIENTIFIC MONTHLY 


Fic. 13 


the injured blastomere remaining alive; third, 
injured half may at times partially develop. 

(1) That the head end of the embryo is often 
structure is shown by. several of the drawings of the 
Nevertheless, the rest of the nerve plate is much more n 
than a whole structure and from the method of the early 
in a lateral position this is perhaps to be expected. The not 
circular in outline and may well be spoken of as a whol 
The anterior end of the digestive tract also approach 


respects a whole structure, although the block formed by 
half appears to interfere with its completion. In other 


re 


especially in relation to the mesoderm, these embryos a1 


halves. 

(2) Both Hertwig (’93) and Morgan (’97) have 
Roux’s treatment of the injured blastomere as though 
killed by the hot needle, although it should be add 
describing the subsequent changes in that blastomere, Roux 
nized that it is still alive except for the streak of m 
along the path of entrance of the needle. A study, by 
sections, of the injured blastomere shows that in many of 
nucleus has not been injured; that it may subsequently « 
that portions of the cytoplasm may split off from the rest 
themselves to the uninjured half, and in extreme cases the 
blastomere may even catch up and produce its half. Owing t 
opacity of the egg, it is not possible to follow continuou 
takes place and at best the history can only be pieced 
Aside from these details the evidence shows positivel) 
uninjured half is alive and in intimate contact with the ot 
This condition raises a series of further problems as to th 
influence of the injured on the developing half. If the unseg: 
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Lining in its normal position can exert the 
ence on the developing half as it would exert were ] 
the experiment tells nothing more than what was 


wn from the earlier observations showing that the ma 
ne side of the first cleavage plane gives the right half of the 


nd that on the other side the left half. Other experimen 


ribed in a moment show that this is probably the case 


ture of the influence remains as obscure as before 


3) Roux has described under the name of post-generati 
which the 


nges that take place in the injured half by means of which 


missing half may be later replaced. The account of these changes is 


secur 


ire in many important respects, and necessarily so since it 


gained by patching together the evidence of sections from different 


egs no two of which may have had the same antecedents. My own 
view of the matter is that whenever the missing part reappears it 
levelopment must come very largely from the delayed developmen 
> the injured blastomere. <A discussion of these 

terpretation would require here too much space and the 

ns would not affect the main issues under discussion 

Osear Hertwig has given an entirely different account of 

“urs where one blastomere is injured by Roux’s sticking m 

a word, he thinks that the uninjured blastomere develops 

ole, except when the injury is so slight that part of the 
blastomere becomes incorporated in the uninjured hal 

njured blastomere, he states, holds the same relation to the develo 
ing half as does the yolk to the embryo of a meroblastic e 

ther words, a whole embryo develops with an uninclosed 

That something like this may at times really take place 

possible, I think, in the light of the other evidence given below, bu 
[ also think the comparison with the meroblastic egg is ent 
misleading. If, after the operation, the egg is so placed that the 


ret 


y 
re 


uninjured blastomere lies on top of the other, then, through the 


tion of the protoplasm in the interior of this blastomere, the 


tions are such, as shown by other evidence, that a whole embry: 
far as the physical conditions allow, may develop from the 
injured half. In so far as the rotation of the protopla 
incomplete, all degrees of part and whole embryos may r 

the internal evidence in Hertwig’s paper points clearly to some 
interpretation. 

Later observations have shown that each of the first two blasto- 
meres of the frog’s egg may produce a whole embryo provided the 
influence of the other half is changed or removed. 

It was shown by Schultze (’94) that if the egg in the two-cell 
Stage is turned over so that the white hemisphere is on top, and if 
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the conditions have been so arranged that the egg can not 
over to its normal position with the black hemisphere above 
two whole embryos develop, one from each half. Sometir 
embryos lie side by side, (Fig. 14f) like Siamese twins 
times they are united in their ventral surface (Fig. 14b 
In 


’ 


other times they are back to back (Fig. 14c, d, e 
the halves are prevented from coming together by the y: 
embryo shows, in consequence, a spina bifida condition (F 
Wetzel (’95) has given an account of the changes that take | 
the inverted egg. In each blastomere the lighter protop! 
below, tends to move upward and the yolk to sink 
The path taken by these components will depend on slight 
ences in the inclinations of the egg, and, correspondingly, 
embryos that result will be diffierently placed in difi 


rere 
il 
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develops independently « 
onditions permit; each de) 
produces a whole embry 
pshot of all this evidences 
are separated they no lor 
This conelusion, if applied 
to mean that the deve 
ced by the juxtaposition of 


nately the evidence fails to revea 


or only due to physical contact 


ach blastomere of tl 
has been shown by 
00). The former 
with a hot needle, the 
sition with the black 
But if, after sticking 
| cell is on top it gives rise t 
nd that by the combined 
th a cold needle it 
wo blastomeres of the « 
ning blastomere produced 
ible on most species of 


the contents 


th some hesitati 


as to the interpretation of 


solating blastomeres. |] 


\ my sterious. . €., not} ing 
un mechanically. In fact, it seen 


i nd half development proce ( ds ‘ 


lace in the preceding stages 


es not suddenly become a whole. 


iy 


they are modelled on what has alr 
il development. Those readjustment 


s instead of partial structures app 
TY 


processes that take place in whol 


LO eri 


s particularly evident in organs t! 


that are to one side of the middk 


ar course of development and eall for 1 


>) ploneer work is rather exploratory 


een carried far enough, however. to 1 
ther we have much more to expect fr 


XVIII 
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work along the old lines. We need for further progres 


the physical and chemical nature of the material t] 


take on, as each phase of development is reached, definit 
eal patterns. The biological analysis has, for the mor 
its goal, and the problem is ready to hand on to the p!| 
ean now, I think, with profit throw into the disea: 
transcendental philosophy that has been used in 
facts. Such terms as self-differentiation and int: 
parts, prelocalization of cytoplasmic areas, prospect 

the like, did no particular harm so long as it was real 
were only names for certain observed facts, or inferer 
facts ; but in so far as these expressions did not refer t] 
to simpler or better known processes or principles, 
played directly into the hands of the vitalist, for thes 


not suggest anything with which a physicist or cher 
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ANTONI VAN LEEUWENHOEK, IMMORTAL 


DILETTANT (1632-1723) 


By Dr. L. B. BECKING 
STANFORD UNIVERSITY 
croscope Was invented and man began 
shores of a new world. At first he sav 
.dows, projected vaguely upon his con 
ng atoms of the world’’ those shadows 
sion, whirled and fled. 
ew that were able to look through that 
» lens, felt that their eyes had seen wonders 
these shadows into realities; until at last they 
them clearly—the inhabitants of a world withi 
ens of the microcosm. 
Structure within structure, they realized, was 


ternity. 
had decreed that a revelation of this world 


in of mediocre mind, but with marvellous hands 
umble lens-grinder, at the service of too many int: 
vn his observations as he made them, in a series of 
but truthful observations. Incredibly trut 

ns. For few are wholly able to withstand the tem 
terpret the results according to expectations. 

Truly he was a pair of eyes, a pair of hands 

nds. For when his own mind tried to direct, h 

thing but chaos. 

His work is very little appreciated because little 
riginal. This is perhaps the reason why the existing, 


haracterization of the man and his work give an entirels 


pression. 
Biographers often see their subjects either to 
)great a distance. The account given by the 
fe or the loving son-in-law can not but repres 
retouched portrait. On the other hand, the thorough 
nt of the historiographer describes a spectre 
n abstraction, not a vitality—the embodiment 


torces creating it. 


» held for the Society of Experi: 


erroneou 
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ANTONIUS A LEEUWENHOEK 


2 cava ‘located J ondsaon 
» ge ~~ 
miermes urn 








What really matters in a biography not 
graphical datum. The attributes of a creat 
growth, its offspring, its death only express th« 
alive and kept in this precarious condition for 
which it went the way of all flesh. 

Biographical data are only useful to coordinat: 
in his proper surroundings. That Leeuwenhoek 1 


; 


that he had many children, ean be found, with 
lightful details, in one of his biographies. It does 1 
here. 

Modern biographies also frequently mention her 


Is the heritage as important as it seems? Nothing 
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ner’s son, from becoming the scientif 
of his age. Nothing prevented Leeuw 
rom developing into an uncultured m 
re factors, inherent in the race, that 
into the phenotype regardless of 
ss of parental influence. They appear 
pment of a homogeneous population 
of the community. 
enhoek fitted well into the surround 
entury Dutch Republic. His influent 
on for him—in that age of nepotism 
n life, when he had neither acquired 
er to make himself esteemed by the b 


tT} 


He was made janitor or Bedellus of 


Many comments have been made by biographer 


ss of his position. Even his contemporaries wer 
“l by it, especially his English fellow-members 
ety. They were probably ignorant of the fact t! 

sa sinecure, obtained by political graft and created 
neome for one of the renegade sons of the gover 
the position was important because it provide: 

sure. While his presence at the office was required 

ally nothing to do. 

Leeuwenhoek belonged to a time when the menta 


} 


lleeted curios and shells, when the bulb fanciers t: 
xcessive Importance to relatively unimportant ob) 
ectors do. There is a spiritual bond betwee 
itors-of-tiny-things. The collector wants to fill ar 
thin himself. Creators-of-tiny-things want to 
gy emptiness—time. People who wait, conducted 
 eonstruet absurd things. They knit and 
r the guillotine to fall. They adorn their bi 
ents while waiting for the end of a leetur 
rds, around their shanties, construct elaborat 
maux during the long polar night carve 
s-teeth. 
venhoek filled, and killed, his time 
During the dreary Dutch days, when 
chill must have pervaded his ‘‘compt 
ly preparing himself for immortality 


stayed at Delft until his death, but still h: t be eo 


this respect with Immanuel Kant, who never k Konigs 


ant had created a universe within himsel| ‘or Leeuwe1 
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Observations communicated to the Publifher by Mr. Anroy 
Leewenhoeck, im a Dutch Letter of the 5th of OGob. |: 
here Engliff a : Gomcerning little Animals by him oblerved i 
Kain- Wells Sea- and Snow water ; 4s alfo im water wiey:in 
Pepper had iain infufed. 

N che year 1675.1 difcover’d living creatures in Rap wat 
| which had ftood but few days in anew earthen pur, pi: 
bie w wishin. This invited me co view this water sith ores 
reat ion, efpeciaily thofe little animals appear! ng tome ten t 
fand times lefs chan thofe reprefented by Monf. Swamerdim 
ard by him cailed Water fleas or Water-lice, which may tx per- 
ceived in the water with the naked eye, ' 

The firft fort by me difcover'd in the faid water, I diver: 
times obferved to confilt of 5, 6,7, or 8 clear g!obu's, wit! 
being able todifcern any film that held them toge:her, or ¢ 
tained them. When thefe amimalcula or living Atoms did mov. 
they put forth two little horns,continually moving them/el ves: 
The piace between thefe two horns was flat, though the reit of 
the body was roundifh,fharpning a little towards the end, here 
they had a tay], near four times the length of the whole body,o! 
the thicknefs (by my Microfcope) of a Spiders-web ; at the end 
of which appear’d a globul,of the bignefs of one of thofe which 
made up the body; which tay! I could not perceive,even in 4 
ry clear water, tobe mov’d by them. Thefe litile creatures, if 
they chanced co light upon the Jeaft filament or ftring,or other 
fuch particle, of which there are many in water,efpecially after 
it hath ftood fome days, they flock intangled therein,extending 
their body ina long round, and ftriving to dif-intangle their 
tay] ; whereby it came to pafs, that their whole body lept back 
towards the g'obul of the tay!, which then rdl'ed together Ser 
pent-like, and after the manner of Copper- or Jron wire that 
having been wound about a ftick, and. unwound again, retains 
thofe windings and curnings. This motion of exrenfion and 
contraGion continued a while; and I have feen fevera! hun- 
dreds of thefe poor little creatures, within the fpace of a grain 
of grofs fand, lye faft clufter’d together ina few filaments. 

I alfo difcover’d a fecond fort, the figure of which was ova; 
and I imagined their head co ftand on the fharp end. Thefe were 
a little bigger than the former. The inferior part of their body 
is flat, furnithed with divers incredibly thin feet, which nove 








REPRODUCTIONS OF TWO PAGES FROM THE Roya. Soci 
showing that Leeuwenhoek saw aerobic bacteria iu 
See H. W. Beyerinck, Verzamelde Geschriften, Vol 
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-omy feif. This pepper having ‘ain about 3 weeks in the water, 
to which I had twice added fome Snow-water, che other water 
boing in great part exhaled ; I looked upon it the 24 of Aprsi, 
1676.and difcern’d in it,to my great wonder,an incredible num- 
ber of little animals.of divers kinds ; and among ‘he reft, fome 
that were 3 Or 4 timesas long asbroad ; but their whole thick- 
nefs did, in ny eftimation, not much exceed thar of the hair of a 
Loufe. They hada very pretty motion,often tumbling about and 
fideways ; and when J let the waver run off from them, they 
turned as round as a Top , and at firft their body changed into 
anoval, and afterwards, when the circu'ar motion ceafed, they 
returned to their former leng<h. 

The 24 fort of creacures,difcover'd inthis wacer, were of a 
perfectoval figue,and they had no lefs p'eafing or nimble a mo 
tion than the former; and thefe were in far greater numbers And 
there was a 34 forr, which exceeded the two former in number; 
and thefe had tails alf, like thofe [ kad formerly obferv'd in 
Rain. water. 

The 4h fort of creatures, which moved through the 3 forwer 
forts, were incredibly finall, and fo finall in my eye,that I judg: 
ed,that if 100 of them !ay one by another,'hey would not equa! 
the length of a grain of courfe Sand ; and according to this elti- 
mate, ten hundred thoufand of them cou'd not equal the dimen- 
fions of a grain of fuch courfe Sand. 

There was difcover’d by m2 a fifth fort, which had near the 
thicknefs of the former, but they were almoft twice as long 

2. The 266 of April, 1 took 2! ounces of Snow. water, which 
was about three yearso!d, and which had ftood either in my 
Cellar or Study in a Glafi-bottle well ftopped. tn it | could dif- 
coverno living creatures: And having poured fome of it into 
a PorcelainThea-cup,] put therein half an ounce of who'e pep- 
per, and fo placed it in my Study. Obferving icdaily until 
the 34 of May, could never difcover any living thing in it;aod 
by this time the water was fo far evaporated, and imbibed by 
the pepper, that fome of the pepper-corns began co lye dry, 
This water was now very thick ofodd particles;and then I pov- 
red more Snow-water to the pepper, until the pepper-corns 
were cover'd with water half an inch high. Whereupon viewing 
it again the fourth and fifth of eMfay,1 found no living creatures 


in it ; but the fixch,I did very many, and thofe exceeding finall 
ones, 
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FACSIMILE COPY OF THE ORIGID 
in the possession of the Zoological Institute, 


the courtesy of Dr. H. F. Nierstrasz. With this 


Leeuwenhoek ’s chief discoveries 


hoek, the marshes and meadows around Delft wer: 
For Kant, the earth was too small to bother with 
hoek it was too vast. 

Strangely undisturbed by the wars that raged 
political upheavals, by economic disasters, we find 
such things in his work. In this regard he had element 
scientist. Science has never been concerned with the 
the rabble or the politicians. Already seventeenth cent 
had its own sphere, and quietly prepared to make our 

His kaleidoscopic work was ploneering he took tl 
from a virgin field. But he gathered only the things t! 
to his fancy, no distinct line of thought can be fow 
searches. 

And, therefore, although he was the first to see bact 
and protozoa, we can not look upon him as the found 
biology. 

Although he was the first to describe crystals of piper 


fein, prepared by sublimation, still Leeuwenhoek can 1 


the founder of microchemistry. 
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FACSIMILI 
Leeuwenhoek studied capillary 


designed to study the eel 


Although he deseribes a butyric acid 
ited tube Pasteur is the diseoverte r 


ic ul 


Leeuwenhoek. 


is only the genius that can synthesize 


d facets under a general law, where tl 
describe and eatalogue. In that respect 
the mental level of a taxonomist; his 
ogued 
s almost impossible to form an adequat: 
strange personality—dusty as an ancient 
egree, erratic, uncultured, and still, b) 
to be the spiritual associate of a Ih 
nerdam. 
uncritical praise of his commentators 


ascribed to an insufficient knowledge orks and that 
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of his contemporaries. It is said of Saint Paul that his thoughts 
traveled faster than his stylus. Leeuwenhoek’s description of his 
wonder world went so far as he, without artistic ability, could pos- 
sibly depict. Compare his drawings of the insect eye with those of 
Swammerdam ; his wood anatomy with that of Grew. 

Being a true ‘‘ bourgeois satisfait’’ he didn’t feel his handicaps. 
He rather took a pride in the fact that he knew neither French, 
Latin, English nor German. Still, when we look in his works for 
his moments of true inspiration, we find them. His masterful ac- 
count of the circulation in the tail of the eel, and his critical re- 
marks on ‘‘generatio aequivoca’’ stand high above the level of his 
average work. His account of the body louse vies in distinctness 
of purpose and in whimsical description with the best passages in 
Fabre’s ‘‘Souvenirs Entomologiques.’’ But we have to wade 
through many a dreary page to reach places such as these. 

Fortunately, a lack of imagination has its advantages. It does 
not disturb or urge the mind in several directions at once. It allows 
long and peaceful observation. It allows Leeuwenhoek to construct 
527 microscopes of gold, silver and brass. 

The estimate by one of his biographers that his portrait shows 
traits of both Cromwell and Spinoza is far from describing the ac- 
tual Leeuwenhoek. No delicate disdain, but a rather coarse dog- 
gedness is depicted in his features. The characterization as given 
by one of his contemporaries fits well; kind, courteous, but 
illiterate. 

Some are born great, some achieve greatness, some have great- 
ness thrust upon them. Leeuwenhoek belongs to a fourth cate- 
gory. He was but a small fragment of a broken mirror, but he re- 
flected the greatness of nature truthfully and directly. And he 


became great by reflection. 
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THE BUILDING 
cl pu £. ‘ 
BLOCKS OF THE The materials se 
BODY the e need ' 
re delivered } Oye ( 
arrives at the moment when its bed 1s prepared tor il I 


always on hand to Keep the bricklavers bus’ 


gravel and cement come along in the right quantities 


and little, if any, 1s left over at the end of the d: L) 
all such smooth sailing as it seems. The boss 1 
worry over delayed delivery or the premature art 
But the system must be well arranged, for « 
little room for the storage of excess stuff, and the 
speak, “from hand to mouth.” 
The building of our bodies has to be run o 
contrived than this, and physiologists are now b 
its principles. Flesh and blood are larg¢ col 
stances called “proteins,” of which there are th 
enough to go around among all the animals and giv 
ticular protein of its own. But these innumerabl 
up of various combinations of a comparative 
substances called the “amino acids” of which some tw 
How many of these several sorts are needed 
such for instance as us, is vet undetermined. Pri 
half a dozen, amino acids, if properly picked, w 
must contain at least a little of every one of tl 
are required for the building of our bodies It o 
none of the other can altogether replace it S 
have some type in every box of his case. He e: ot get thout 
few x’s and @’s, even though he may have plent 0 ‘ 
has as many x’s and z’s as he has a’s and e’s he 
So a little of a particular kind of protein may hé 
essential. But double the amount is not twice as gor 
be any better. Professor H. H. Mitchell, of the 1 
found in the feeding of white rats that the biolog l 
various foods ranked as follows: milk, 93.4; rice, 56.) f . o 
78.5; corn, 72.; potatoes, 68.5. Doubling the am 
did not increase its nutritive value in proportion, but thi t é 
another kind of protein did increase in certain cast 
For instance, rats fed on corn protein alone or on ! 


not thrive as well as when the two were combined, alt! 
remained the same. Since rats have been the mess! 
immemorial they have acquired similar feeding |} 
The lesson of this for us is that we should see t! 
well as an adequate diet. There is nothing tound 























DR. ELIHU THOMSON 
On whom the Kelvin Medal has been conferred. Dr. Thomsen, who since 1880 
has been a leader in the development of the Thomson-Houston and the General 
Electric Companies, has made important contributions to electrical engineering. 
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tavor these tood faddists who would |} 

ot tood such as peanuts or grapes. | 

proteins our body needed at the mom« 

tood down pat, we would have to hav: 

to figure it out. Better leave this co 

by the unconscious caleulation of our digestiv: 
erally come out right if supplied With thie 
building materials. If any one of the 
economically utilized. 

Imagine the disgust of the constructio 
loads of sand and only one sack of cer l 
kind of fuel delivered it would not be so b 
anthracite, one can use coke, or briquets, « 
erete has to be mixed in the proper proportio 
boss having no storage space has to send : 


So, too, in our body building. We need 


fuel foods. There are many kinds of sug 
are more or less interchangeable. No one o 


question of quality does not matter so 
either, so long as there is enough of a1 Vv of 
ot fats and carbohydrates, as many of 
with comparative ease or stored up in the 
burden to travel with so much excess luge 
along. 

The proteins may also in part be burn 
are much more difficult to get rid of and art 
allowed to accumulate in the body. S« 
points in the problem of dietetics that we« 
see that we get proteins in sufficient assortme 


yet not much too much. 


AR you an extravert « 
TWO TYPES ey 
av the questo! : Dp 
OF is new tor it Was rec 
. . ~~ the question is old, 
TEMPERAMENT : 
anyhow, tor Galen 1 ( 
mankind by temperament. He distinguished bet 
are quick, warm, impressionable and chi: 
who are slow, quiet and pe rsistent When the 
are strongly marked they are called respect 
cholic.” 


Another old classification of a su 


“subjective” or between “energetic” and “sent 
Professor William James devotes the first chapte 
matism” to showing how our beliefs and reacti ‘ 
trolled by our temperamental bias and from tl } 
people into the “tough-minded” and the “tende 

minded, he Savs, are “empiricist (going b 
terialistic, pessimistic, irreligious, fatalistic, ] 
while on the other hand, the tender-minded are 


tiy 


principles), intellectualistic, idealistic, op 
monistie and dogmatiecal ” And he savs 7 l ¢i 


+ 


“they have a low opinion of each othe The 
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ROBERT ERNST EDUARD WIEDERSHEIM 


In whose death Germany loses its most distinguished comparative anatomist. 


as sentimentalists and soft-heads. The tender feel the tough to be unre- 
fined, callous and brutal.” The tough-minded of James corresponds 
roughly with the extravert of Jung and the tender-minded with the intro- 
verts. 

Professor Wilhelm Ostwald, of Leipzig, in his study of great scien- 
tists divides them into the “romanticists” and the “classicists.” The roman- 
ticist man of science is a good teacher; genial, versatile, expansive and 
popular; fond of conversation and quick to publish. He jumps at conclu- 
sions, sometimes making amazing discoveries by a sort of intuition and 
sometimes making sad mistakes from his impatience of detail. The 
romanticist gets paid in current coin; in the devotion of his disciples and 
in honors from his colleagues, sometimes in applause and wealth from 


the public. 
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The classicist on the contrary has to put up with defer 


His services to science often receive no adequate recoguiti 
and not always then. He pursues a single line of thought persist: 
systematically for years, often without outside aid or encouragement. H 


mind works mathematically and logically but he may be defi: 
perimental and practical ability. He is reluctant to publish 
be a poor teacher. Among American scientists Benjamin Thor 
Count Rumford, was a typical romanticist and Willard Gibbs 
eal classieist. 

Protessor C. G. Seligman, president of the Royal Ant! 


Institute, of London, in a recent address extended Jung’s categorik 
wider fields. We can distinguish, he says, between extravert 

poetry and art. In painting, Rubens and Delacroix are extrave 
Poussin and Ingres are introverts. Japan as a whole is ext: 

China and especially India are introvert. Savage races as a rule app 
extravert as compared with civilized Europeans. Professor Si 
thinks that in any one people the two types appear in about e 

bers, though extraverts, being more responsive and better adapted t 


world, give the impression of being in the majority. 

These various attempts at splitting the human race 
temperament do not agree closely as to dividing lines and 
characteristics, yet there is obviously a certain similarity in th 
recognized. Probably the physiologist will come in with a chemical 
fication based upon the hormones, which seem to be much like the 
laughed at “humors” of past centuries. He may, for instance, 
activity of the thyroid gland as the criterion and call the « 
“hyperthyroid” and the introvert a “hypothyroid.” He may ev 
to alter temperaments to order by injection of some coal-ta 
as indeed he can do now to a considerable extent. 

If you can not answer the question with which we began, so mu 


better for you, since it shows that you have a well balanced ract 
Though we may safely lean one way or the other, as doubtless w 

vet we should not run to either extreme for that way madnes 

extreme of the extravert is hysteria and the extreme of the trovert 


dementia praecox 


“How many angels can stand on the point « 


THE pin?” was debated by the wise men of the Dar 
Ages. It was a good question for debate of the 
LITTLEST sort they delighted in because they never could 
LIFE find out and if they could it would have made 
difference to anybody. 
“How many microbes can stand on the point of a pin?” is the « 
tion that interests the wise men of modern times, not for th of 
cussion but because they can find out and because our lives depend upé 


their finding out. 

For a single microbe may be more than a match for a 
combat in spite of their disparity in size. Compared with this, th 
between David and Goliath was a fair fight on equal footing 
let us say, is five feet, ten inches tall. Against him we will pit 
of moderate size, say a bacillus measuring only a micror 
micron is a millionth of a meter, or, if you prefer, a twenty-five 
of an inch. Such a microbe is not afraid to tackle a man, why 1,759,000 
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times as tall and 5,000,000,000,000,000,000 times his fighting weight. Yet 
the microbe often succeeds in knocking him out. 

For although the microbe has such odds against him on the start, they 
do not stay so. For the microbe grows faster than the man and is quicker 
at multiplication. The Asiatic cholera germ, for instance, doubles every 
fifteen minutes. If unlimited in space and food, its progeny would equal 
the mass of a man in the course of some fifteen hours. That is to say, a 
microbe that gets a lodgment in a man might eat him up in less than a 
day if the man were entirely edible and provided adequate accommodations. 

To return to the point. I have just tried to measure the diameter of 
the point of a pin but my desk rule is not fine enough so I measured the 
head of it. It is not one of these new fashioned round-head pins but the 
common metal kind and its head is two millimeters across, that is, two 
thousand microns. Now the bacillus of typhoid fever is two microns long 
and one wide. So that a thousand of them could be end to end across the 
pinhead or two thousand lying side by side. 

But these are big ones compared with some. It was formerly supposed 
that water could be made germ-free by forcing it through a filter of un- 
glazed earthenware, but it is now known that fifty distinct diseases are 
caused by germs so small that they will pass through the pores of por 
celain. Among these are such well-known human diseases as influenza, 
small pox, hydrophobia and measles, and a long list of plant diseases, 
especially those recognizable by mosaic discoloration of the leaves. 

Most bacteria measure about a micron but the one that carries the flu 
infection, and is known as pneumosintes, may be only a tenth of that 
length. The chicken plague and the mosaic diseases of tobacco are carried 
by something still smaller, say a fortieth of a micron. 

Now when the biologist gets down as fine as this he comvs into conflict 
with the chemist. For a single molecule of hemaglobin, the red coloring 
matter of the blood, is bigger than one of these creatures—if they are 
creatures. If they are not, how is it that they ean grow and multiply 
and earry their specific characteristics over from one animal or plant to 
another? But if they are living organisms they must be largely composed 
of protein and the protein molecule is so large that the chemist can only 
allow the biologist a few hundred or at most a few thousand molecules out 
of which to construct the necessarily somewhat complicated machinery of 
these virulent bodies. 

But in spite of the criticism of the chemist the biologist continues to 
diseover minuter bodies which possess some of the functions of life. Bac- 
teria are found to be devoured by something that d’Herelle of the Pasteur 
Institute calls “bacteria eaters,” or if you insist upon the Greek of it, “bac 
teriophages.” These also are filter-passers and must be much smaller than 
the bacteria on which they prey, but whether they belong to the realm of 
chemistry of biology is still in dispute. Possibly the question may be 
settled in the end by finding that there is no definite dividing line between 


the two realms. 
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